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Foreword 



THE rapid advances made in recent years in the field of 
Mechanical Engineering, as seen in the evolution of 
improved types of machinery, new mechanical processes 
and methods, and even new materials of workmanship, have 
created a distinct necessity for an authoritative work of general 
reference embodying the accumulated results of modem ex- 
perience and the latest approved practice. The Cyclopedia of 
Mechanical Engineering is designed to fill this iicknowledged 
need. 

C. The aim of the publishers has been to create a work which, 
while adequate to meet all demands of the technically trained 
expert, will appeal equally to the self-taught practical man, 
who, as a result of the unavoidable conditions of his environ- 
ment, may be denied the advanta:ges of training at a resident 
technical school. The Cyclopedia not only covers the funda- 
mentals that underlie all mechanical engineering, but places the 
reader in direct contact with the experience of teachers fresh 
from practical work, thus putting him abreast of the latest 
progress and furnishing him that adj ustment to advanced modem 
needs and conditions which is a necessity even to the technical 
graduate. 

C The Cyclopedia of Mechanical Engineering is based upon the 
method which the American School of Correspondence has de- 
veloped and successfully used for many years in teaching the 
principles and practice of engineering in its different branches. 
It is a compilation of representative Instruction Books of the 
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School, and forms a simple, practical, concise, and convenient 
reference work for the shop, the library, the school, and the home. 
M The success which the American School of Correspondence 
has attained as a factor in the machinery of modem technical 
and scientific education, is in itself the best possible guarantee 
for the present work. Therefore, while these volumes are a 
marked innovation in technicalliterature— representing, as they 
do, the best ideas and methods of a large number of different 
authors, each an acknowledged authority in his work— they are 
by no means an experiment, but are in fact based on what has 
proved itself to be the most successful method yet devised for 
the education of the busy workingman. They have been pre- 
pared only after the most careful study of modem needs as 
developed under the conditions of actual practice in the Machine 
Shop, the Engine Room, the Drafting Room, the Factory, etc. 
The formulae of the higher mathematics have been avoided as 
far as possible, and every care exercised to elucidate the text 
hy abundant and appropriate illustrations. 

^ Numerous examples for practice are inserted at intervals ; 
these, with the test questions, help the reader to fix in mind 
the essential points, thus combining the advantages of a text- 
book with those of a reference work. 

M Grateful acknowledgment is due the corps of editors and 
authors— engineers and designers of wide practical experience, 
and teachers of well-recognized ability— without whose co-oper- 
ation this work would have been impossible. 
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CXDNSTFUCnON OF BOILERS. 



A steam boiler, or Bteam generator,, consistB of a vessel to 
oontain- the water and the steam after it is formed ; a fire-box to 
coatain the fire ; tnbes, flues and uptake to transmit heat and con- 
duct the hot gases from the fire to the chimney, and various fittings 
to facilitate the safe and economical operation. Boilers are often 
classified according to their uses and conditions ; thus we haye 
stationary, marine and locomotive boilers. BoUers having a shell 
partially filled with tubes, through which the hot gases pass, are 
called tubular, fire-tube ©r aliell boilers; and those having a large 
flue in which is placed the fire, are called flue boilers. If the tubes 
are filled with water and the hot gases are outside, the boiler is 
called a water-tube boiler. 

Steam boilers are made in a variety of shapes, according to 
the type, lises and conditions. Let us first consider boiler con- 
struction in general, leaving out the peculiarities of marine, loco- 
motive and watei^tube boilers. 

MATERIALS. 

The materials of which boilers are constructed are exposed 
to conditions which weaken them and shorten the life of the boiler. 
Among these conditions are corrosion, botli external and internal, 
high pressure, and expansion and contraction, due to varying tem- 
perature and pressure. 

Cast iron was the material of which the earliest forms of 
boilers were made, but on account of itu low tensile strength and its 
unreliable nature, it is now but little used, except for parts of water> 
tube boilers, and sometimt's for the ends of low-pressure cylin- 
drical boilers and for fittings. It is cheap and resists corrosion 
but on account of its unreliability and brittleiieas, the parts most 
be made thick andtherefore heavy. 



byGoogle 



CX)KSTRUCtlON OF BOILEllS. 



Wrought irofL, up to about 1870, was the priiicipfil material 
naed for boiler plates. It is a pure iron prepared from pig iroD 
by a process called puddling, described in "Metallurgy," Wrought 
iron is well adapted for use in boiler construction, as it id strong, 
tough and fibrous, and combines high tensile strength with ductil- 
ity and freedom from briltleness. When the properties mentioned 
are well combined, wrought iron will resist strains due to unequal 
expansion. Boiler fastenings, stays and other parts made by 
welding are sometimes made of wrought iron. It is customary to 
consider that a bar loses about one-quarter of ita strength by weld- 
ing, although it is often stronger in the weld, owing to the working 
of the metal during the welding process. 

Steel has entirely displaced iron for boiler-shell work. Boiler 
steel is made by the open-hearth process, and contains for ordinary 
thickness of 1 or 1^ inches 0.25 per cent carbon, while thinner plates 
of ^ inch should not contain over 0.15 per cent carbon. Lai^r 
percentages of carbon, while accompanied by an increase in .tensile 
strength, lessen the ductility. The foUowii^ properties show 
steel to be the best boiler material at present; great tensile 
strength, ductility, homogeneity, toughness, freedom from blisters 
and internal unsoundness. Blisters and unsoundness are faults 
sometimes met with in wrought-iron plates. 

Copper in many respects is superior to wrought iron for boiler 
construction. It is hom(^neou3, resists oxidation (the corrosive 
action of most feed waters) and incrustation. It is more ductile 
and malleable and a better conductor of heat, which not only gives 
it a higher evaporative power, but also enables it to last longer 
under the intense heat of the furnace. Its disadvantages are its 
low tensile strength, about 30,000 pounds per square inch, and its 
decrease of strength with an increase of temperature. In heatmg 
from the freezing point to the boiling point it loses 5 per cent of 
its strength, and at 550° F, it loses about one-quarter of its strength. 
For tliese reasons and on account of its high price, it is now seldom 
used in boiler work. 

Brau is an alloy of copper and zinc in which the proportions 
of each vary considerably. The^red color comes from a lai^r per 
cent of copper. Red brass is better and more expensive than yel- 
low brass- Brass is used for valves, gauges and other fittings. 
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CONSTRUCTION OP BOILERS. 



Bronze is an alloy of copper and tin, and ia advanti^eously u 
for Talves and Beats of safety valres where the wear is great. 



Fig. 1. 

TBSTINa MATERIALS. 

In order to determine the strength and the other qualities of 
the matttrials, specimens are tested. Tlie results of tliese tests 
show the ultimate tensile streogth, elastic limit, coiitractiou of area 
and elongation. 
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8 CONSTRUCTION OP BOILERS. 

The Rimplest way to teat a piece of iron bar or plate would 
be to fix it firmly at the upper end and hung weights on tlie other 
end, adding other weights until the bar is broken. This is but a 
crude method, and in order that the elastic limit and elongation 
may be detennined at the same time, testing machines are used. 
There is a large variety of testing machines, adapted for rarions 
materials, but the general principles are the same. 

Testing Machines. The testing machine consists of a frame 
and two heads, to which the ends of the test piece are fastened by 
wedges or other devices. By means of steam or hydraulic power 
one head is drawn away from the other for tensile tests. The pull 
is transmitted to some weighing device, usually lerera and knife 
edges like the beam of ordinary platform scales. In small machines 
the pull may be applied by a lever. 



^tr- 



Fig.* 



k-3"to6' 



Testing machines are made for all varieties of testing : tensile, 
compressive and shearing stresses. Also for deflection of beams 
and for strength of wood, cement, brick and stone. Fig. 1 shows 
an Olsen testing machine designed for tensile and compressive 
tests of iron and steel. 

In order to test materials, test pieces or specimens are pre- 
pared. For testing iron plate the test piece should be at least 1 
inch wide, about 2 feet long and planed on both edges. Many 
engineers recommend these dimensions. According to the Board 
of Supervising Inspectors of Steam Vessels, the test piece should 
be 10 inches long, 2 inches wide and cut out at the center. 

To ascertain the tensile strength and other qualities of steel, 
a test piece should be taken from each plate. These test pieces 
are made in the form as shown in Fig. 2. The straight part in 



byCoogle 



CONSTRUCTION OF BOILERS. T 

the center is 9 inches long and 1 iucli wide ; and to detemalDe 
eloDgation it is marked with light prickpunch marks at distances 
1 inch apart, the marked space being 8 inches in length. The 
ends are 1^ inches to 2 inches hroad and 3 inches to 6 inches long. 
As has been explained in " K^eclianics," the force necessary to 
break the piece is the proportionate part of the tensile strength 
per square inch. Thus if the test piece having a reduced section 
of .4 square inch is broken at 19,200 pounds, the tensile strength 

of the plate is — L- — = 48,000 po'iinds per square inch. 

EXAMPLES FOR PRACTICE. 

1. If a piece of boiler plate breaks at 33,500 pounds and the 
reduced section is l^ inches hj ^ inch, what is the ultimate ten- 
sile strength? 

Ans. 59,655 pounds. 

2. A boiler plate ia claimed to be of 64,000 pounds tensile 
strength. If the section is 1 inch wide and ,68 inch thick, what 
should be the reading of the testing machine when the specimen 
breaks? 

Ans. 40,820 pounds. 

3. A test piece of the form shown in Fig. 2 measured 8 
inches between the . prickpunch marks before testing and 9.56 
inches after testing. What was the per cent of elongation ? 

Ans. 19^ per cent. 

4. If the area of section before breaking is .4825 square inch 
and after breaking is ..236 square inch, what is the per cent of 
reduced area? 

Ans. 61 per cent. 

STRENQTH OP BOILER HATERIALS. 

The crushing strength of cast iron is high, varying from 
50,000 to 75,000 pounds per square inch; its tensile strength is 
low, varying with the chemical and physical properties of the iron 
from about 1 5,000 to 22,000 pounds per square inch. 

Wrought-iron plates having a tensile strength of from 50,000 
to 60,000 pounds, witli an elongation or ductility of from 20 per 
cent to 30 per cent, are suitable forboiler work. Boiler iron may be 
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tested in the following ways if testing machines are not available : 
Cut from the plate a strip about 2 inches wide and bend it cold, 
down upon itself ; if it shows no fracture on the outside curve, it is 
satisfactory. ' This is, however, a severe teat, and only the beat 
flange iron will stand it ; on the other hand, any iron which, when 
heated to a cherry red and bent, shows cracks or fracture on the 
outer curve, is unfit for use in boiler construction. When wrought 
iron was used for boiler plates it was customary to give the plate 
what is called the hammer test. The plate was suspended clear 
of the ground and struck with a hammer at intervals of three oi 
four inches over its surface ; a clear, ringing tone indicating a sound 
plate, while a dull sound indicated with inir certainty a defect such 
as internal unsoundness. 

Mild steel has a tensile strength of from 55,000 to 65,000 
pounds per square inch, witli an elongation of 25 per cent. A t«st 
piece cut from a plate | inch thick or less should stand bend- 
ing double, when hot or cold, and not show any cracks ; thicker 
plates should be capable of being bent at a small radius to a large 
angle without showing any cracks. Steel should never be worked 
at a blue heat, as in this state it is very brittle. It is also mechan- 
ically tested by being heated to a cherry red, quenched in water at 
82° F. then bent in a curve of sma!l radius ; if it cracks, it has 
become tempered, and it is therefore unsuitable for this work. If 
the tensile strength of the steel is under 70,000 pounds per 
square inch, it is sufficiently tough and ductile and can be easily 
worked. 

In general, boiler materials are carefully tested for the 
. following quaUties: 

Tensile strength, to resist rupturing strains. Also in order 
that the plates may be thin. 

Toughness and elasticity, to resist corrosion ard the wear and 
tear of manufactui-e. 

Ductility, so that the boiler may change its shape slightly 
without ruptuFe, This is a more important quality. 

BOILER CONSTRUCTION IN DETAIL. 

The drawing or design of the boiler is worked out in the 
draughting room, as explained later under the head of Boiler Design. 
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The draught shows the general arrangement of the boiler, together 
with complete detail drawings, from which the materials are 
ordered. These materials are plates, rods for stays, riveta, stay 
bolts, tubes, steel bars, angles and channel bars for stiffening, etc. 
In some boiler shops it is customary to lay the boiler out on 
a large blackboard full size, thereby checking the drawing. In 
ordering plates the blank forms are filled out in the following 



Messrs. John Blank ^ Co : 

Please furnish us with the following Steel Plates, Ultimate 
Tensile Strength, 60,000 ; Elongation, 25 per cent: 



;ra 


Tlilokseu 1 DlmrailoBi. 


Harki. 


B.Buki. 


6 


1" 


WxW 


S 14 


SheU 



The dimeasion which runs in the direction the plate is to be 
bent is given first. The plates are marked as per order blank, and 
this serrea to identify the plate when the occasion arises. When 
ordering any odd shape, a sketch with dimensions must be placed 
in the column headed " Remarks." 

In ordering plates, allow for trimming, particulaily in the case 
of irregular shapes. Rivets are sold by the poond, regardless of 
their shape or size. Round and flat iron may be ordered by the 
running foot. Manufacturers publish tables showing weight of 
rivets, round iron, etc., with which they furnish boiler makers. 

Boiler shops are equipped with the following tools: plate rolls, 
plate planers, shears, drill presses, punches, countersinking ma- 
chines, flanging machines, hydraulic and steam riveterst and a 
compressed-air system for operating pneumatic machines, such as 
calkeis and chippei-s. Tliey also have machine shops for doing 
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such machine work as is required for fittings, furnace fronts, etc., 
and a system of cranes for handling and transpoiting material. 
In connection with the above is a storeroom of sufficient size, a 
forge shop, and an engine and boiler for supplyii^ the shop with 
^he power necessary to operate it. 

In boiler-shell work drilling has entirely displaced punching, 
and toHJay all holes are drilled. Punching is cheaper than drill- 
ing, but it is more injurious to the plates and not as accurate. It 
is easy to see that drilling rivet lioles, even if twenty are being 
drilled at once, is done with less strain on the plates than when 
done by a multiple punch forcing several holes at once. The force 
required to punch a plate gives the best idea of the harm done 
tA the plate. Experiment shows that the resistance of a plate to 
punching is about the same as its resistance to tensile tearing. 
Suppose this to be 50,000 pounds per square inch ; then the force 
required to punch the plate is the area cut out times the shearing 
strength, or d X ■"■ X t X 50,000. 

In which formula 

d =1 diameter in inches and 
t = thickness in inches. 

For a hole | inch in diameter in a ^-inch plate, the foroe 
will be 

I X 3.1416 X i X 50,000 = 58,900 pounds. 

If the force required to punch one hole is 58,900 pounds, the 
force required in punching several holes by means of a multiple 
punch is enormous. 

A good, ductile plate is but little injui-ed by punching ; but 
if of a hard, steely nature, it is likely to be eerioualy injured. For 
this reason wrought>iron plates are usually punched and steel 
plates are drilled. On the whole, a drilled plate is somewhat 
stronger than a punched plate for any kind of joint. 

Some boiler makers punch the rivet holes slightly smaller 
than the desired size and then ream them out. By this process 
the injured metal around the holes is cut away. Another method 
to overcome the injurious effects is to anneal the plate after 
punching. 

The ordinary process of annealing consists of heating the 
plate to red heat^ and then allowing it to cool slowly. By this 
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means, hard aod brittle iron or steel is made soft and tough. 
While the metal is hot, the surface becomes oxidized. For most 
purposes this scale of oxide in not harmful, but in some cases it 
must be removed. As this is expensive, a process of annealing 
in illuminating gns has been devised. The action of the gas is to 
reduce the oxide without altering the properties of the piece. The 
results obtained from annealing depend upon the kind of iron or 
steel, the temperature to which it is raised, and the rate of cool- 
ing. It is a great advantage to all steel of over 64,000 pounds per 
square inch in tensile strength, but softer steels are little better 
for the process. 




A B C D E 

Pig. 8. 

After the shell plates are planed to correct shape and the 
holes drilled or punched, they are put through the bending rolls 
and bent into a cylindrical shape, the amount of curvature being 
determined by a template made for the purpose. Plates are 
usually siieared to size, and then the edges planed with a slight 
bevel to facilitate calking. In the meantime the heads are being 
flanged by a hydraulic flanging machine ; when the flange is com- 
pleted, the head is put on the platen of a boring mill and turned so 
as to exactly fit into the shell. In some shops it is customary to 
punch or drill only a few holes in the shell and flange of the head, 
these holes serving to take holts for holding the [inrta together. 
The back head plate Is bolted into the rear course of plating, and 
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the parts thus assembled are hoisted up to drill if the plates, etc., 
have not been preTioualj drilled or punched, otherwise to tbe 
hydraulic riveter. 

RIVETS AND RIVETINO. 

Rivets are formed by forging, from round iron bar or mild 
steel, with a cup or pan shaped head. The cylindrical part, called 
the shank, is a little smaller than the hole and has a slight taper. 
Fig. 3 showa common forms of rivets. As rivets are not .as reli- 
able in tension as in shear, they are used mainly at right angles to 
the straining force. If the stress is parallel to the axis, bolts are 
used, since they are stroitg in tensioD. The shearing strength of 
steel rivets is about 45,000 pounds per square inch, and of iron 
rivets about 40,000 pounds per square inch. Steel rivets are often 
used with steel plates, but many boiler makers prefer to use iron 
rivets in all cases. 

Three types of rivets in use are shown in Fig. 4, the follow- 
ing table giving the dimensions: 



Diameter 




COD. Hud 
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Formerly all joints of boilers were rivet«d by hand, but now 
all riveting is done by machines, except those joints to which a 
machine cannot be applied. If done by hand, the red-hot rivet is 
inserted in the hole, and the second head formed by two riveters 
working with hammers. This head is either made conical by tbe 
hammers alone or finished with a cup-shaped die called a " snap." 
This latter is the more usual method. The disadvantages of hand 
riveting are slowness and a tendency to form a shoulder before the 
rivet fills the hole. 
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Machine riveting is preferable, aa the work is done better, 
faster and more accurately ; the pressure coming gradually on the 
entire rivet, compresses it completely into the hole before the head 
is formed. Before riveting, care should be taken that the plates 
are cloee together, so that a shoulder will not be formed between 
the plates and prevent a good joint. Rivets should always be put 
in while red hot, for in this condition they nre more easily worked, 
and when they cool they contract, nipping the plates together in a 
tight joint. 

Hydraulic riveting is more gradual and is generally preferred 
to steam riveting. The pressure from the steam riveter often 
comes as a sudden blow and does not allow time for the rivet to 
completely fill the hole. 



tt^ Ci:^ 



fig- *. 

It is sometimes desirable to rivet with a countereunk head; 
that is, the rivet does not project above the plate. The counter- 
sunk head is formed by hammering down the end of the rivet into 
the countersink in the plate. This form is shown at D, Fig. S. 
This joint is often used in shipbuilding and in boiler making when 
it is necessary to attach mountings. It should always be avoided, 
if possible, on account of its weakness, and especially when the 
straining force acts in the direction of the length of the rivet, as 
the head has a very insecure hold and is likely to be pulled through 
the hole. 

Rivets may be tested in a boiler shop as follows : the rivet to 
be bent cold in tbf form of. a hook around another rivet of the 
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Bsme diameter, and show no flaws or cracks ; to be bent hot 
down upon itself and show no cracks, head to be flattened while 
hot until its diameter is 2J- times the diameter of the shank, aad 
show no flaws. 

The uniform heating of 
steel rivets is of more im- 
portance than in the case of 
iron rivets, where it is suffi- 
cient to heat the points only. 
Steel rivets also should not 
be heated to a white heat, as 
iron rivets are, but to a 
bright cheny red, for if 
heated beyond this point they 
will burn. The fire in which 
steel nveta are heated should 
be kept thick, and the draught 
moderate. This should also be observed in heating steel plates 
for flanging. 

There are various forms and strengths of riveted joints. It 




Pig- 6. 




KiK- e. Fig. 7. 

is obvious that in punching or drilling, a plate is weakened to the 
extent of the sectional area cut out, and that if the holes are 
punched, the metal between the holes is weakened. In treating 
the strength of a joint it is customary to speak of it as a percent- 
age of the strength of an unpunched plate. 

If one plate overlaps another and ia riveted to it by a single 
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row of riveta, &a shown in Fig. 5, it is called a single-riveted lap 
joint. This joint has about 56 per cent of the strength of a solid 
plate. If another row of rivets is added, it is called a double- 
riveted lap joint; Fig. 6 shows the double-riveted lap joint chain 
riveted, and Fig. 7 the double-riveted lap joint zigzag riveted. 
Double riveting is done in two ways : zigzag, or stAggered, 
and chain. When rivets are put in so that the rivets of one row 
are opposite the spaces of another row, it is called zigzag riveting 
or staggered riveting. If the rivets are placed immediately oppo- 
site each other, it is called chain riveting. 




If the two plates are kept in the same plane and a cover or 
butt strap riveted on, it is called butt riveting (Fig. 8, in which A 
and B are the boiler plates, and C is the butt strap). If an inside 
butt strap is added, it is called a double butt joint (Fig. 9). Fig. 
10 shows a treble-riveted butt joint. A single butt joint is about 
equal in strength to a lap joint having but one row of rivets, but 
a double butt joint is considerably stronger. 

In this latter 'form of joint the rivets have double shearing 
soT&ces, since they tend to shear off in two planes. This either 
makes a stronger joint or allows the use of smaller rivets. In the 
single butt joint the hutt strap is usually about 1^ the thickness 
of the plate, and if the inside butt strap ia added, each hutt strap 
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is made about | the plate tliicknpsa. Butt joints are now being 
used in the best class of boilers, and are used almost entireW for 
plates less than ^ inch in thickness. 

Lap joints are used 
for oircamferentiat 

i ^ fM [^1 •^"°^» ""^ *^^ stronger 

I ^ ^ ^ j joint, the butt, for longi- 

^ ^Z ^ I tudinal joints. For high 

^ _™ --i P^MurcB in marine 

f^i /m ^ ^ ^ ^ I boilers, triple riveting 

' is frequently used. 

^ ^1 ^' ^ cover plat« is 

riveted on the outside 

of a lap joint, it is called 

combined lap and butt 

j o i n t In this case 

there are three rows of rivets, the middle row having twice as 

many rivets as the outer rows. Fig. 11 shows the combined 

joint. 

The distance between the centers of rivets is called the 
" pitch." The mathematical calculation of pitch and the distance 
between the rivets and the edge of the plate will be taken up 
later. 

The following table gives an idea of the relative strengths 
of riveted joints : 
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FLANOiNO IRON AND STEEL PLATES. 

Iron plates are more severely tested by flanging than by any 
other work done upon thenL This is due to their fibrous nature, 
and great care is necessary to prevent breaking in the bend, if 
the comer is sharp. 




Aa has been stated, steel requires uniform heating and 
moderate curves. Flanging is almost entirely done to-day by 
machines. After flanging, the steel should be annealed by heat- 
ing the whole plate uniformly to a dull red heat, and allowing it 
to cool slowly. 

WELDED JOINTS. 

Welded joints for boiler shells are desirable. By tiieir use 
deposits which accumulate on and around rivet heads and joints, 
corrosion caused by leakage, and loose rivets, are done away with, 
and calking also. Moreover, a perfectly welded joint is stronger 
than the best riveted joint, and approximates nearly to the origi- 
nal strength of the plate. Welded steam drums are used now 
quite extensively for water-tube boilers of the marine type. 

The soundness of such a joint is a matter of uncertainty, and 
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FlR. 11. 



depeoda upon the Bkill and care of the workmen. It is impos- 
aihle, from external appearances, to judge the souDdness of a 
welded joint. The principal use of welded joints ia for furnace 
tnhes and steam domes, but they have not been used much for 
boiler Bhells. The 
lack of testa on 
welded joints and 
the small amount of 
information on the 
subject, render the re- 
sults of experiments 
of little Talue. The 
weld is best made 
when the edges of 
the plates are upset, 
at red heat, to nearly 
double the plate thickness, and beveled to an angle of about 45 
degrees. The edgea are then heated together, and the weld made 
hy hammering down the joint to the original thickness of tly 
iJate. 

ARRANaBABNTS OF PLATES AND JOIt4T8. 
When we take up the design of boilers we shall see that a 
boiler tends to rupture longitudinally. The reason for this is 
that the resistance of a thin cylinder to circumferential rupture is 
double the resistance to longitudinal. Since ih.is is the case, lap 
joints are used for transverse seams, and a stronger form (the 
double butt joint) is used for the longitudinal. 

At the junction of three or more plates, where the eircumfet^ 
ential and longitudinal joints meet, ordinary riveted joints would 
he too thick. To overcome this difficulty, two or more plates are 
forged thin at the joint, as shown in Fig. 12. 

Whenever longitudinal and girth seams meet, the plates 
should be arranged to "break joints"; that is, one longitudinal 
seam should not be a continuation of another. The proper ar- 
rangement is shown in Fig. 13. 

In both vertical and horizontal boilers the inside lap is made 
to face downward, so that it will not form a ledge for the colleo- 
tion of sediment 
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The belts of platea that make up the length are sometimes 
arrunged conically, with the outside lap facing backward. When 
the boiler is slightly inclined 
toward the front end, this 
conical arrangement f a c i 1 i - 
tates draining and cleaning, 
as the dirt is removed at the 
front end. This is a great 
advantage to internally fired 
boilers, as they are difficult 
to clean. 

In long vertical boilers 
the ring seams are arranged 
with the inside lap facing 
downward, so as not to have 
a ledge for sediment- Some- 
times the belts of locomotive 
boilers are arranged telescopi- 
cally, with the largest diam- 
eter at the fire-box end. Of 
late years the best makers 
use larger plates than formerly. 




Fig. 12. 
This is advantageous, esp^ 



®\'»®«- 



dally in externally fired multitubular boilers, as the single seam Ib 
placed above the water-level, and therefore is away from the fir©. 



byGoogle 



so. CONSTKUCTION OF BOILEUS. 

The portion of a boiler l)6tweeii th« shell and the furnace ia 
called the water leg. Figs. 14 to 20 incluBive illustrate the 
method of construction of the water leg and the joints around the 
furnace door. Figs. 14 and 16 show two methods of constructing 



^^ 




Fig. 14. 




)QQOQOQQQ 

Fig. 16. 



the water leg. In Fig. 14 the exterior plate and the furnace plat? 
are riveted to the ring D by means of long rivets. This ring is 
UBuallf made of wrought iron, but in many cheap boilers it is of 
cast iron. In Fig. 15 the two plates are riveted to the flanged 
ring D. This construction is better than the solid caet-tron ring, 
on account of flexibility, but the junction of the plates D and C 
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fonaa ft corner in which sediment is deposited. In Fig. 17 the 
plate B ia flanged and riveted to C. This arrangement requires 
less riveting than the one shown in Fig. 15. Figs. 14, 15 and 17 
also show three forms of construction of the joints around the 



^K 





Ftg. 18. 



Fig. 17. 



furnace door. Id Fig. 14 both the exterior plate and the furnace 
sheet are flanged and riveted together. This is shown in an en- 
larged view in Fig. 18. The constnictioii shown in Figs. 15 and 
19 is not as good as that in Fig. 14, because of the extra riveting ; 
also, it has two comers, B and C, for the deposit of sediment. 
Fig. 17 shows a somewhat different form of furnace construction. 
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the two plates being riveted to the cast-iron ring. This form ia 
better shown in Fig. 20. It makes this part of the boiler too 
rigid, but it has the advantage of not having rivet heads to wear 
off. In these methods of riveting, tho.ie wliich have the flanged 
ring are preferable to those using the cast-iron ring, because of 
more freedom for expansion ; but the flanged ring forms an 
undesirable corner. 





Fig. 19. 



Fig. 'JO. 



In almost every boiler, plates must be connected at right 
angles. An example of this is seen where the end plates art 
jointed to the shell plates of cjlindrical boilers. There are three 
principal methods : riveting both plates to an angle iron, riveting 
to a flanged ring and flanging the end plate. In Fig. 21 the two 
plates are riveted to an angle iron, which is made of wrought or 
cast iron. This construction is too rigid ; the constant variations 
of temperature cause repeated changes of form, which tend to crack 
the angle iron on the inside of the plate at the joint. Corrosion 
increases the evil, as it rapidly attacks iron which has once been 
cracked or broken. There is no definite rule for the dimensioDB 
of these angle irons, but it is safe to make the mean thickness a 
little greater than that of the plates. 

The forms shown in Figs. 22 and 23 are better. The head 
ia flanged and riveted to the shell plates. The flanging makes a 
more flexible joint. The radius of the curve of the flange should 
be about four times the thickness of the plate. The bead and 
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shell are sometimes connected to a ffanged tjng, as shown in 
Fig. 24. The extra tow of rivets makes a complex joint. 

In Tertical boUera the external fire-box is joined to the cylin- 
drical shell by riveted joints. Figs. 25 and 26 show two forms; 
that in Fig. 25 being the better on account of the flanged ring, 




Fig. 21. 



Fig. 22. 



Fig. 34. 



which allows expansion and contraction of the shell and furnace 
plates. 

Sometimes the case occurs of connecting two plates which are 
parallel and near together. For instance, at the bottom of the 





Fig. 25. 



Fig. 38. 



locomotive fire-box a connection must be made between the inner 
and outer fire-box. The water-leg construction is a similar case. 
Several methods for tliis construction are shown in Figl 27. 
Fig. 27a is too complicated and is undesirable, both on account 
of the numerous rivets and angle irons, and on account of the in- 
side joints, which cannot be calked. Fig. 27 b is better, since it 
has but one angle iron ; it has, however, the undesirable inside joint. 
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Fig. 27d is a good joint, the form of connection being called a 
channel iron. Fig. 27e, as we have seen, is a good flexible joint, 
' but it has the undesirable corner where aizidiment lodges. 

We have thus briefly discussed the Tariotu methods and 
arrangemeote for putting sheila together, and now let us retom to 
our boiler, which is ready for riveting at the hydraulic riveter. A 
few rivets are first driven at equal intervals around the ring seam 




fl 



C 

Fig. 27. 



at the back head. The reason for driving only a few rivets is 
that any errors in the spacing of the holes are distributed and not 
accumulated, as would bo the case if they were driven in succes- 
sion. From this point on, the riveting is continued un,til the shell 
is completely riveted up, 

STAYINQ. 

The shell is now ready to receive the stays. Wlien under 
steam, a cylindrical shell is strained by internal pressure in two 
directions, namely : transversely, by a circumferential strain due to 
the pressure tending to burst the shell by enlarging its oircumfer* 
ence, and longitudinally, by the pressure on the ends. If a boiler 
were spherical it would require no stays, because a sphere sub- 
jected to internal pressure tends to enlarge but not to change its 
shape. All flat surfaces in boilei-s must be stayed, otherwise the 
internal pressure would bulge th(;m out and tend to make them 
spherical in shape. The ends of etcjim drums on high-pressure 
wateMube boilers are often made hemi.spherical. 

The first and most important point in staying is to have a 
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Bu£Bcient number of stays so that they will entirely support the 
plate without regard to ite own stiffness. The second is to have 
them BO placed as to present the least obstruction to s free inspec- 
tion, and third, to have them ao arranged as to allow a free circu- 
lation of water. Too much care cannot be taken in fitting stays 
and braces, as they are out of sight for long periods, and a knowl- 
edge of their exact condi- 
tion is not always easily 
obtained. In the ordinary 
fire-tube boiler the princi- 
pal surfaces stayed are; 
the flat ends, crown sheets, 
flat sides of locomotive 
boilers and combustion 
chambers of cylindrical 

marine boilers. In t h e w on 

Kg. us. 
case of most marine or 

Scotch boilers, the diameter is large compared to the length ; hence 

the flat surface is considerable, and needs careful staying. All 

the plates that are not cylindrical or hemispherical must be 

stayed. The details should be arranged for each boiler; a few 

general methods and cautions can, however, be given. 

The most common and simple form of stay is a plain rod. It 

is used to stay the flat ends of short boilers. This stay is a plain 



Fig. 29. 

rod passing through the steam space and having the ends fastened 
to the heads. The ends are fastened and the length adjusted in 
a variety of methods ; the simplest being nuts on both sides 
of the plate, as shown in Fig. 28. The copper washers a and 6 
strengthen the plate and prevent abrasion by the nuts. In place 
of the nuts the rod is often bolted to angle irons, which are riveted 
to the plates. In this case, turn buckles similar to the oue shown 
in Fig. 29 are used for adjusting the length. 
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The stays are usually from | inch to an inch in diameter, 
and are made of wrought iron or steel, with an allowable stress of 
5,000 to T,000 pounds per square inch. If the ends are fastened 
to rivet«d angle irons, the combined area of the rivets is made a 
UtUe greater than that of the rod. 




If a boiler in long, that is, more than 20 feet, long stays 
would sag in the middle and not tiike up the full stress on the 
end plates. For long boilers, gusset and diagonal stays are used. 
This form of boiler stay, shown in Fig. 30, is made of wrought- 




Fig. 31. 

iron plate riveted to angle irons ; the angle irons being riveted to 
the end and shell. Boilers of the Cornish, Lancashire and Gallo- 
way types often have this kind of stay. Theae boilers are inter- 
nally lired, and as the variation of teniperatnre causes expansion 
and contraction, f^reat care should be used in placing the gusset 
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stay. If the stay is too near the flange or too many stays are 
used, the head will be too rigid and have a tendency to crack. 

A form of di^onal stay is shown in Fig. 31. The plain rod 
is connected to angle irons bj' means of split pins. The angle 
irons are fastened to the shell and end by rivets or bolts. Another 
form of diagonal stay, called the crowfoot, is shown in Fig. 32. 
The two ends are bolted or riveted to the end and shell. 




Fig. 32. 

The angle between the shell plate and stay rod should be 
small, — not more than 30 degrees. The rod itself is designed for 
tensile strength, since the diagonal pull may be easily reduced to 
an equivalent direct pull. A large factor of safety is used to 
provide for future corrosion. 



For marine boilers, a modified crowfoot stay (Fig. 33) is often 
used. The end passing through tlie head ia supplied with nuts 
and taper washers, the washers having the proper taper to allow 
the nuts to be set up tightly against them. 
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In locomotive fire-boxes and in the combustion chamber of 
marine boilers, there are two flat or slightly cuired surfaces that 
must be stayed together. These are riveted by short screw stay 
bclta. The bolts shown in Figs. 34 and 35 are screwed in place, 
and the ends riveted over. In marine boilers these stays are 
fastened with nuts, as shown in Fig. 36, instead of being riveted. 




Fig. 34. 



Fi(f. 86. 



Sometimes the bolt is threaded the entire length, as in Fig. 34, or 
is turned off smooth in the center, as in Fig. 35. The smooth sur- 
face resists corrosion, and is less likely to fracture than the threaded 
bolt. Sometimes a small hole is drilled in the end, so that if the 
bolt breaks, the escaping steam will give warning. This is shown 
at o, Fig. 84. These bolts are J inch or 1 inch in diameter. 

The strains which 
.come on a stay bolt are 
not the same as those 
on rivets or on ordinary 
stay rods ; as a matter 
of fact, stay bolts fail 
by a bending stress, and 
generally fracture just 
inside the outside sheet, 
due to the unequal ex- 
pansion between combustion chamber or furnace and the outside 
boiler shell. Owing to this difference of expansion, flexible stay 
bolts have been designed, but have not come into general use, nor 
are they likely to, as they occupy considerable apace and are much 
more complicated than the simple stay bolt. Stay bolts are made 
from the best quality of refined iron, which has been found to 
stand the strains of alternate heating and cooling better tlian 
mild steel. Iron stay bolta are more durable, because of tie 
fibrous nature. 




Pig. 86. 
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It should be added that boiler heads are further stiffened by 
channel bars or angles nlaced along the line of holes for the 
through stay rods. 



Fig. 37. 

The crown sheets of fire-boxes and tops of comhastion 
chambers are usually stayed by crown bars, which extend across 
the fiat surfaces, as shown in Fig. 37, the ends resting on the 




side plates. Bolts about 4 inches apart connect the crown sheet 
to this girder. The girder may &e a solid bar, or it may be made 
up of two flat plates bolted or riveted together, as shown iu tlie 
figure, the stay bolts being placed between the plates at intervals 



byCoogle 



80 



CONSTRUCTION OF BOILERS. 



of about 4 inches. Either bolta or riveU may be used to keep 
*he plates which form the girder from spreading. Projections 
are sometimes foiled on the bottom of the girder, so that the stay 
bolt« may be screwed up tightly without bending the plate. 

The depth of the plates which make up the girder vary from 



Fig. TO. 

4 to 6 inches. Tliey are from | to | inch in thickness. If bolts 
I inch in diameter are used, the distance between the plates is 
usually 1 inch, but if larger bolta 1 inch in diameter are used, 
the distance should he IJ inches. The ends of the bars which 
rest upon the side plates should be carefully fitted to make a good 
bearing, and the area should be sufficient to prevent crushing of 



Pig. 40. 

the end plates. The distance between the crown sheet and the 
girder should be at least IJ inches, bo that there will be good 
circulation and the plates may be readily cleaned. 

In some cases the girder is supported from the shell by sling 
stays, as shown in Fig. S8. The sling stays are connected to the 



byCoogle 



C0NSTRT7CTI0X OF BOILERS. ' 91 

gilder and to an angle iron, or T-iron, uhieli is riveted to the shell. 
The angle iron stiffens the shell. In deaigning this form of stay 
it is usual to make the girder strong enoi^h to support the crown 
sheet without any sling stays, and these stays are used for addi- 
tional support. 

TUBES. 

Boiler tuhes are made of steel or wrought iron, but most 
commonly of charcoal iron and lap welded. In the formation of 
the lap the plate is upset, then bent around until the thickened 
edges lap sufficiently. It is tlien heated successively about 8 
inches at a time, and welded over a mandrel, which is a cast-iron 



Fig. «. 

arm with a slightly convex top, over which the tube is placed 
Tubes are measured by their, outside diameters, and are usually 
true to gauge, so that holes for them may be bored without taking 
measurements from the tubes themselves. 

The holes for the tubes in the tube sheet are usually made 
in one of two ways. One method is to punch the tube holes the 
proper size by means of a helical punch. With this punch the 
metal is cut away by a shearing cut. The holes ought to be 
punched a little under size, and then reamed out, so that the sur- 
face against which the tubes are expanded may be good. The 
other method is to punch or drill a small hole at the point mark- 
ing the center of the tube- hole. A drill with a post in the center. 
which fits the small hole, then drills the desired size of hole. 
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Ordinary tubes are fastened to the cud plat«s by expanding 
the metal of tlie tube against the tube plate. This is done by a 
tool called an expander, of which there are two common forms. 
One form consists of a steel taper pin and a number of steel seg- 
ments, held in place by a spring. The outside of the segments 



Fig. 42. 

hare the form to be given to the expanded tube, and the inside is 
a straight hollow cone, into which the steel taper pia fits. The 
segmenta are forced apart by hammering ou the steel pin. Id 
order that the metal of the tube may not be injured, the hammer- 
ing should be done gradually uid carefully, and the expander 
turned frequently. Another form, shown in Fig. 39, has a set of 
rolls that are forced a^nst the inside of the tube by driving in 
the taper pin. The pin and rolls rotate as the pin is driven, and 
the rolls gradually expand the 
tube against the tube plate. 

Two forms of tube expan- 
sion are shown in Figs. 40 and 
41. That shown in Fig. 41 is 
preferable to that in Fig. 40, as 
the latter bears at the comers 
only, while the former bears 
pj ^ against the entire thickness of 

the tube sheet 

After the tubes are expanded, the ends are beaded over, as 
shown in Figs. 40 and 41. This adds to the strength of the con- 
nection between the tube and tube sheet. The tool sommonly 
used for this beading is shown in Fig. 42. 

Ferrules are often placed in the ends of fire tubes, and serve 
to protect the ends from the intense heat of the fire. The ar- 
rangement is shown in Fig. 43, the ferrule F being placed within 
the tube for a short distance. The space A is merely an air 
space. 
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Stay tubes are not used as extensively at the present time as 
they were formerly. They were very common at a time when the 
holding power of expanded tubes had been experimented on but 
little. It is now apparent from such tests that the holding power 
of tubes expanded, as shown in Fig. 40, is more tlian equal to the 
pressure on the spaces between the tubes of an ordinary tube 
plate. Stay tubes are simply heavier tubes, with the ends pro- 




Fig. 4*. 



jecting beyond the tube sheet and threaded for shallow nuts. 
The ends of the tubes are frequently upset or thickened, and 
screwed into the tube sheet as well. This form is shown in 
Fig. 44. 

FURNACE PLUB5. 
Flues which are subjected to external pressure should al' 
ways be cylindrical. Fig. 45 shows the section of the Adamson 





Fig. 46. 



Fl|;. 46. 



Sue. This was an improvement over the plain furnace, as it 
is more elastic and allows expansion ; the flanged rings also 
strengthen and stiffen it against collapse. The methods of build- 
ing furnaces shown in Figs, 46 and 47 are not considered as good ' 
as the Adamson arrangement. Fig. 46 is too rigid, and does not 
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allow a free expansion and contraction. Fig. 47, on the other 
hand, permits of such extremely veil, but both have the fault of 
exposing a double thickness of plates and two rows of rivets to 
the fire. 

The corrugated flue shown in Fig, 48 is popular and, fuiv 
thennore, is excellent. There is freedom for expansion through- 
out its whole length, thereby reducing the strains on the boiler. 




Fig. 47. 

The plates should be thick enough to prevent sagging in the mid- 
dle, the thickness usually varying from -^^ inch to | inch. Cor- 
rugated furnaces are riveted to the rear tube sheet in the return 
tube boiler of the marine type, the end of the furnace being 




flanged at the front ; and the head of the boiler is flanged around 
the opening cut for the furnace, which fits well into the flange. 

CALKINQ. 

In order that riveted joints of boilers may be steam and 
water tight, they generally require calling. Thia process up- 
sets the metal of the overlapping plate, or burrs down the edge, 
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forcing it into close contact with the lower plate, and rendering 
the joint steam tight. 

The calking tool is similar to a chisel, tlie end having a va- 
riety of shapes. Fig. 49 shows a round-nosed tool which hum 
down the upper plate without cutting the under plate ; hut it is 
hard to start, and in calking with such a tool the edge is first 
started with a sharper round-nosed tool, and then finished with 
one as indicated in the figure. If a square-end tool is used, as 
shown in Fig. 50, the under plate is likely to be cut, and the 
plates between the edge and the rivet be separated. The most 
common form of calking tool is one similar to the one shown in 




Fig. 49. Ftg. 50. 

Fig. 49, except that the end is fiat, with a slight bevel, and not 
round. 

A slight bevel given the plates makes both calking and ful- 
lering more easily done. When the calking tool is thin it is 
sometimes driven by careless workmen into the joint, wedging the 
plates open. Severe and. careless calking is very injunous to 
boilers. On the inside it often causes grooving and fracture, and 
the fracture of plates then follows the line of calking rather than 
the line of rivet holes. A pneumatic calking machine ia often 
used in boiler shops, as it does this work about four times as 
rapidly as it can be done by hand. It resembles a rock drill in 
general principles. Air is supplied through a fiexible tube, at a 
pressure of about 70 pounds per square inch. It makes about 
1,600 strokes a minute. 
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BOILER DESIGN. 

The rules of boiler design are controlled by practical consid- 
erations and theory, and are learned by tlie designer by practice 
only. The rules vary from place to place, and from time to time, 
'due to progress in engineering. 

The rules, methods and cautions taken up here are general, and 
with necessary modificationB can be applied to all the more com- 
mon types. 

In designing a steam boiler there are several considerations 
that must be kept in mind. Among the most important are 
strength, durability, capacity to furnish the required amount of 
steam, convenience for cleaoing, repairing and inspection, sim- 
plicity in detail, and economy both of running and first cost. 

The kind, or type, to l>e used depends u^win the work to be 
done, the dryness of the steam, the locality, the available space 
and preference of the owner. The work to be done is determined 
by the number and kind of engines, the constancy with which 
they run and the pressure. In choosing a boiler for any locality, 
tlie purity of the water, the kind of fuel and the lawn which 
govern inspection and allowable working stress must be consid- 
ered. The available space greatly influences the tyjm and some- 
times prevents choice. For instance, locomotive and marine l>oil- 
ers must be put in a small space. For land boilers if the floor 
area is limited, but there is ample height, some type of vertical 
boiler must be chosen. 

HORSE POWER. 

The unit of horse-power as decided by the American Society 
of Mechanical Engineers is equal to S3,305 B. T, U. From the 
standard steam tables in treatises on Thermo-dynamics we nnd 
that 96t> B. T. U. are required to evaporate one pound of water from 
and at 212° F. Therefore 1 H. P. is equal to the evaporation of 
33,305^96C=34> pounds of water from and at 212" F. Tins is 
also equal to tlie evaporation of 30 pounds of water, at 100'' ¥. 
into steam at 70 pounds gauge pressure. 

The first thing to do is to chose the type of boiler we are to 
use. Then we find how many pounds of steam are to be supplied per 
hour; Uiis is found by multiplying the desired horse-power by 
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34^ or multiplying the horse-power of the engine or engines hy 
the steam consumption per horse-power per hour. This is known 
approximately for every type of engine. 

GENERAL REQUIREnENTS. 

When we know these facts we design our boiler so as to 
have: 

1 . Sufficient area of grate to bum the required amount of 
fuel under the given draft. 

2. Enough heating surface to absorb the heat of combustion. 

3. Combustion chamber and flue area large enough to com- 
pletely bum and carry off the products of combustion. 

4. Water space sufficiently large so that a sudden demand 
will not cause too great a variation in water level. 

5. Surface of water large compared to volume, in order that 
steam may be rapidly disengaged. 

6. Steam space large enough to supply an irregular demand 
without causing a great change of pressure. 

7. Steam outlet large enough to supply steam to the en^ne 
without wire-drawing. 

If the outlet is not sufficiently laige to supply plenty of 
steam, the demand will be greater than the supply and the steam 
will be throttled or wire-drawn, that is, it will lose some pressure. 

For all common types of boilers, the proportions between the 
above requisites have been determined by experiment and mathe- 
matics. These relations, with simple calculations and good judg- 
ment on the part of the designer, are all that are needed for this 
work. 

AREA OF ORATE. 

A square foot of grate area will bum different weights of 
fuel in a given time, according to the nature of the draft- If the 
boiler can be made of any size, as is the case with many land 
boilers, a slow rate of combustion with natural draft is used, as 
it ia the most economical. The length of the grate is limited by 
the distance to which a fireman can throw coal accurately. 
Usually 6 or 7 feet is the limit. In locomotive, torpedo boat and 
in some vertical land boilers, the size of grate is limited; in order 
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to get the necessary work from the boiler, foroeddraft is used and 
the rate of combustion increases to over 100 iwunds per square 
foot per hour. In Lancashire boilera, witli two internal flues, the 
breadth is limited. The rate of combustion is' stated in pounds 
per square foot of grate area per hour, and varies witli tlie type 
of boiler and the draft. The following table gives the rates of 
combustion. 



CHIMNEY DRAFT. 



Gomisli boilers, slow rate 


4—0 Ibe. 


Comish boilers, ordinary rate 


10—16 lbs. 


Factory boilers, ordinary rote 


12—18 lbs. 


Anthracite coal, quick rate 


15-20 lbs. 


Bituminous coal, quick rate 


20—30 Iba. 


Marine boilere, ordinary rate. 


15—25 Iba. 


Water tube boUers 


10—25 lbs. 


FORCED DRAFT. 


Marino boilers. 


60—130 lbs. 


Locomotive boilera. 


40—120 lb.. 



I. per sq. ft. per hour. 
(. per sq. ft. per hour. 
I. per sq. ft. per hour. 
1. per sq. ft. per hour. 
I. per sq. ft. per hour. 
I. per sq. ft. per hour. 
I. per sq. ft. per hour. 



per sq, ft. per hour, 
per aq. ft. per hour. 

The evaporation per square foot of grate surface depends 
upon the type, the rate of combustion, condition of boiler and care 
in firing. The highest rate is obtained with slow rate of combus- 
ti<m, care and skill in firing, and clean plates and tubes. The 
table gives the equivalent evaporation jier pound of coal for 
several types. 

Plain cyUndhcal 5 — 8 pounds. 

Vertical 7 — 10 pounds. 

Cornish 6 — 11 pounds. 

Lancashire 6 J-1 2 pounds. 

Galloway 9 — 12J pounds. 

Multitubular 8 — 12 pounds. 

Water tube 6 —12 pounds. 

Marine return tube 7—1 2 pounds. 

Locomotive 6 — 12 pounds. 

Experiment shows that an increane in tlie amount of coal 
burned per square foot of gmte per hour gives an inci'eaae in the 
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amount of water evaporated ; but a. decrease in amount evaporated 
per pound of fuel, or a decrease in economy. 

To find the area of grate for a boiler. Let G = area of 
^^te in Hquare feet, R = rate of combustion in pounds per square 
foot per hour, £ ^ evaporation per pound of coal. 

™« P _ Pounds of wat«r evaporated 
E X R " ^^" 

Let us take an example. Suppose we have an extemallj 
fired multitubular boiler ; assume the rate of combustion to be 12 
pounds, and that our type of bo'ler will evaporate 9 pounds of 
water per pound of coal. How lai^e muht the grate be, if 2400 
pounds-of water are evaporated per hour? 

„ 2400 2400 „„„ , , 

G =_ =1 , = 22.2 square feet. 

ExR 9 X l2 ^ 

Then 22.2 square feet of grate sm-face are necessary. In this 
case the grate probably would be made 6 feet by 4 feeE or 24 
square feet, 

TUBES. 

On account of the small number of successful experiments 
concerning flues and chimneys, it is usual to proportion tubes, flues 
and chimneys, by comparison with those that have given good 
results. If the tubes are too large the hot gases in the centre pass 
up the chimney at high temperature. Now we will find the num- 
ber of tubes. Let A = total area iii square feet through 
which the smoke passes, that is, the combined internal area of all 
the tubes. The total area of the tubes. A, is usually made J to J 
the area of the grate. If we design our boiler to have the ratio 
1 : 8 we probably will have enough area. Let us assume our 
tubes to be 3 inches in diameter and 16 feet long. From tb^ 
table, on page 40, of lap welded boiler tubes we find that the inter- 
nal area of a 3 inch tube is 6.08 square inches, the internal cir- 
cumference is 8.74 inches, external circumference is 9.42 inches, 
and the external area is 7.07 square inches. As ^ of our grate 
surface is ^ or 3 square feet, or 432 square inches, the number of 
tubes -will be 432 -j- 6.08 = 7i. 
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LAP WBLDED BOILER TUBES. 



u 


1^8 
1.1 




ll 


ll 


Ill 


!^ 


1 


1 




1 


.866 


.072 


2.689 


3.142 


.575 


.785 


4.460 


3.819 


.708 


IX 


1.106 


.072 


3.4T4 


3.927 


.960 


1.227 


8.465 


8.066 


.900 


l>i 


1.834 


.083 


4.191 


4.712 


1.396 


1.767 


2.863 


2.547 


12S 


IX 


1.600 


.006 


4.90r 


6.498 


1.911 


2.406 


2.448 


2.183 


1.6C6 


2 


1.8M 


.098 


6.667 


6.283 


2.656 


8.142 


2.118 


1.909 


1.981 


ax 


S.064 


.008 


6.484 


7.060 


8.314 


3.976 


1.860 


1.698 


2.238 


»Ji 


2.283 


.109 


7.172 


7.8S4 


4.094 


4.909 


1.673 


1.628 


J.755 


^H 


2.639 


.109 


7.967 


8.6S9 


6.089 


6.940 


1.608 


1.890 


8.045 


S 


2.783 


.109 


8.743 


9.426 


6.083 


7.069 


1.373 


1.273 


8.833 


8X 


3.012 


.119 


9.462 


10.210 


7.125 


8.296 


1.268 


1.176 


8.968 


8^ 


3.261! 


.119 


10.248 


10.996 


8.357 


9.621 


1,171 


1.091 


4.272 


3« 


a.612 


.119 


11.083 


11.781 


9.687 


11.046 


1.08B 


1.018 


4.69C 


t 


8.T41 


.130 


11.763 


12.666 


10.992 


12.666 


1.023 


.966 


6.32 


*>i 


1.24B 


.130 


13.323 


14.137 


14.126 


16.904 


.901 


.849 


6.01 


B 


4.720 


.1*0 


14.818 


1S.708 


17.497 


19.636 


.809 


.764 


7.226 


6 


6.699 


.151 


17.904 


18.849 


25.609 


28.274 


.670 


.637 


9.846 


8 


T.636 


.182 


23.989 


25.132 


45.795 


50.265 


.600 


.478 


16.109 


10 


9.673 


.214 


30.074 


31.416 


71.976 


78.540 


.399 


.382 


22.190 


IS 


11.642 


.229 


86.260 


37.699 


103.749 


118.097 


.830 


.318 


28.516 


16 


16.468 


.271 


48.662 


50.265 


187.667 


201.062 


.2*7 


.238 


45.200 


SO 


19.360 


.320 


60.821 


62.832 


294.378 


314.169 


.197 


.190 


66.766 
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STEAn SPACE. 

The steam apace is frequently designed as some fraction 
of the volume of the shell, usually about ^ . A better way is to 
design it from the steam consuniptiou of the engine. Suppose tlie 
engine uses 30 pounds of steam at 75 pounds preaaure per H, P. 
per liour. The absolute pressure then is 90 pounds (nearly) and 
the specific volume at that pressure is 4.85 (from steam tablefl). 
As steam is being generated at an approximately constant rate, the 
supply kept on hand need not be great. If the surface for the 
disengi^ment of steam is sufiicient, the ratio of the steam space to 
the volume of the cylinder is from 50 : 1 to 150 : 1 depending upon 
tlie speed of the engine. Experiment shows that if the steam 
space is equal to the volume of steam consumed by the engine Ik 
20 seconds, it is sufficient. It the space is only equal to the steam 
used in 12 seconds, there may be a considerable quantity of water 
carried over with the st«am. If the engine is slow speed, that is 
less than 60 revolutions per minute, the steam space should be 
larger. 

The volume of the steam space per H. P. will he the number of 

pounds of steam used per H. P. in 20 seconds, multiplied by its 

... 30 X 4.85 X 20 „, v <■ * / i s 

specific volume, or __,__ =;: ,sl cubic feet (nearly) 

^ 60 X 60 ^ JJ 

per H. P. ; and if the engine is of 75 H, P. our steam space will 

be .81 Xl5 — 60.75 cubic feet. 

TUBE SPACE. 

The space occupied by the tubes is equal to their volumes. 
The volume of one tube is its external area multiplied by the 
length in inches. The total volume, in cubic inches, is the above 
result multiplied by the number of tubes. This is reduced to 
cubic feet by dividing by 1728. The space occupied by the tubes 
will be 

1728 

WATER SPACa 

Then if we assume our steam space to be ^ the volume of the 
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avttilable space in the shell, the wiiter si)ace will be twice the 
steam space, or 2 x 60.75 = 121.5 cubic feet. 

DinENSI0N5 OP BOILER. 

The volume of the boiler will be : 

St«iim Bpace .81 x "^5 ^ 60.75 cubic feet. 

— "7 cubic feet. 

17:28 

Water space .81 X 75 X 2 = 121.5 cubic feet. 

Total space "238.U2'cubic feet. 

Since the tubes are 16 feet loufj the area of thd eml will I)e 

238.02 1 , Q., , , 

--^— — ^ 14. oJ square feet. 
16 
This area gives a diameter of about 4J feet or 52 inches. We 
will make the boiler 4J feet or 54 inches in diameter. Tlien 
the boiler will be 16 feet long and 54 inches in diameter ; with 
71 tubes 3 inches in diameter. For moderate (wwer, a common 
rule is to make the length about '^}t times the diameter ; by this 
rule our boiler is 3.55 times the diameter. 

HEATINQ SURFACE. 

The portion of a boiler that is exjKjeed to tlie flames and hot 
gases ia called the heating surface. This is made up of the por- 
tions of the shell below the briclnvork, the exposed ends, and thft 
inteiTial surface of the tubes. If the boiler is of the water tube 
type, the exterior surface of the tubes is taken in place of tlie 
interior surface. 

If our boiler ia an ordinary multitubular boiler we can as- 
sume the heating surface to be tlie total inside area of the tul)e3 
plusone-half the area of the shell. Then: 
Heating surface of tubes 8-"^^ X 71 X 16 _ gg^ gg ^^^^ j^^^ 

Heating surface of shell l*i-^l2Ll£ = imO square feet. 
940.48 square feet. 
The ratio of heating surface to graU^ aurfaco will be 
SI40.48 . 
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As this ratio iB high enough we will not alter our ^ures. If the 
ratio had been too low we could have added more tubes and found 
a new boiler diameter. The heating surface should not be leas 
than 1 square yard or 9 square feet per horse-power. So 
D40.48-i- 75 =12.54 or our boiler has 12.64 square feet of heating 
surface per horse-power. This ia of course abundantly sufficient. 
The capacity of heating surface to transmit heat to water 
depends upon conductivity, position of surface and temperature 
of furnace. In designing it is safe to follow proportions of heat- 
ing surface to grate area in the various tj^s, which experience 
has shown to give the best results. The following are the pro- 
portions for a few types. 



Kind of Boiler. 


AatloofHeadiiKSurfus 
to Qr.te Surfue. 


Marine, Return tube^ 


2£— 88 


Lancashire boiler, 


26—83 


ComiBh, 


27—82 


Horizontal, internally fired. 


40—60 


Water tube. 


84—66 


Locomotive boiler (forced draft). 


80—84 


Marine, 


S8— 82 



RATIO OF ORATE SURFACE TO HORSE-POWER. 

The ratio of grate surface to horsepower varies with the 
type, as is shown below. 

Kind of Boiler. Katlo. 

Plain cylindrical, .5 to .7 

Multitubular, .4 to -fi 

Vertical, .6 to .7 

Water tube, .3 

Lancashire, .1 to .165 

Marine return tube, .12 

Locomotives, .02 to .06 

Makers of Inilers sonietimes estimate the II. P. by the heat- 
ing surface. That is the horsepower is a fraction of the heating 
surface. The ratio of heating surface to II. P. for several types 
is as follows; 
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Plain cylindrical. 


6 —10 


MiUtitubular, 


14 —18 


Vertical, 


16 —20 


Water tube, 


10 —12 


' Marine return tube. 


3.25— 4 


Lancaahire, 


2.75— 4.25 


Locomotive, 


1—2 



It U evident that tjome portions of the heating surface of a 
boiler have greater efficiencies than others. For instance, more 
heat will pass through the crown sheet as it is nearer the fire tlian 
through the lastiew feet of the tubes. Taking the efficiency of 
the crown sheet as 1, an estimate of the percent^e of the otlier 
parts of a boiler is as follows : 

Crown of furnace iu flue, .95 

Plates of cyUndrical boiler over furnace, .90 

Fire box tube plate of locomotive boiler, .80 

Water tube surface facing fire, .70 

Vertical side of fire box, .50 

If a cylindrical multitubular boiler b divided into equal sec- 
tions, the section nearest the fire will evaporate more water than 
the one at the other end, as the gases have a higher temperature 
at the first sectioi. Suppose we divide the boiler into six sec- 
tioi:8 of equal length, and call the total evaporation lOO per cent. 
Then the per cent of evaporation per section will be approximately 
as follows : 

Section 12 3 4 5 6 

Evaporation 47 23 14 8 5 8 

If the length of a boiler is increased another section, the 
evaporation will be increased a little but at the same time the radi- 
ating surface is increased. In case the addition of a section for 
evaporation causes a loss by radiation nearly equal to the gain in 
evaporation, it is nut economical to add the section on account of 
the extra cost of the boiler. If forced draft or an increasj of air 
of dilution is used, the boiler should be made loiter to avoid waste. 
The air of dilution is the amount of air above that which is neces- 
sary to bum the coal. 
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WATER LEVEL. 

If the steam space in a multitubular boiler is knomi the 
water level can be found, for the section of the steam space is a 
segment of a cii'cle. In the above boiler the required steam space 
is 60.75 cubic feet; hence the segmental area is 60.75-=-16 or 
S.S square feet, or 547.2 square inches. The height of this seg- 
ment is 15.55 inches. This height is found either by calculation 
or from a table of segments. Then the mean water level is 15.55 
inches from the top portion of the shell. The variation of water 
level in a boiler of this type and size should not exceed 6 inches. 

END PLATE. 

The end plat« or tube sheet is usually made -^g or J- inch 
thicker than tlie shell plates. This ia done for additional stiffness, 
and increase of strength ; the plate being weakened by drilling 
the holes for the ends of the tubes. 

The tubes should be arranged in vertical and horizontal rows, 
if possible, in order thai the rising bubbles of steam may not be 
hindered. To get good circulation the horizontal spaces should 
be a little greater tlian the vertical, and a central circulating 
space should be provided, if the necessary number of tubes can be 
put in without using the entire space. The tubes should be from 
I to 1 inch apai-t, and to prevent burning of the tubes, the 
top row at least 3 inches below the water level, and the bottom 
tubes 6 inches from the shell. At this point, a drawing of the 
end plate should be made, to show the arranjgement of tubes, etc. 
If it is impossible to put in the required number of tubes, without 
nusing tlie water level, the diameter of the boiler must be in- 
creased. If we wish to increase the heating surface without in- 
creasing the diameter we can use smaller tubes or make the boiler 
a little longer. 

STRENGTH OF BOILERS. 

According to Pascal's Law, liquids and gases exert pressure 
equally in all directions. Steam in a boiler exerts the same pres- 
sure on all portions of the shell. As the prcRsme inside a boiler 
is considerably greater than tliiit outside (the atmospheric pres- 
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sure), there is a tendency to burst Uie. shell. This tendency is 
resisted by the plates of the boiler. 

A sphere Is the strongest form to resist pressure, for since 
pressure is equal in all dii-ections, there is a tendency towards en- 
lai^ing the sphere and not to rupture. But a sphere has the 
smallest area for a given volume and, aa a large heating surface is 
desirable, and on account of mechanical difficulties, a spherical 
boiler is never used. The boiler is made cylindrical to obtain 
greater heating surface and tlie loss in strength is nude up by 
staying. 

In the consideration of the strengtli of cylinders it is usual to 
divide the rupturing strains into two classes ; those which tend to 
rupture the cylinder longitudinally and those which tend to rupt- 
ure it circumferentially or transversely. 

Let us examine them separately. Tlie tendency tc cause 
longitudinal rupture or to rend the cylinder in lines parallel with 
the axis, may be considered as the pressure exerted on a semi- 
circumference, and tending to rupture the cylinder in a plane 
through the diameter. Since pressure acts equally in all direc- 
tions, the whole amount exerted on a semi-circumference is not 
exerted directly upwards and downwards. But all these forces 
may be resolved into their vertical and horizontal components. 
If we take tlie plane as horizontal, it is evident that the horizontal 
components have no tensional effect at the points of rupture. By 
taking the vertical components at an infinite number of points it 
can be proved that their sum is equal to the full pressure exerted 
on a rectangular plane equal to the projection of the cylindrical 
surface. In this case the projection is the plane tlirough the 
diameter and has an area equal to the product of the length of 
the cylinder multiplied by the diameter of the cylinder. Then 
the force tending to I'upture would he the pressure per square 
inch multiplied by the area. Let p = pressure in pounds per 
square inch, D = diameter of boiler, t = thickness of plate, L z= 
length of boiler, S = tensile sti-ength, E := efficiency of joint, 
and f = factor of safety. The force tending to rupture longi- 
tudinally will be, pLD. The strength of the cylinder to resist 
this rupturing force is I'epresented by the tensile strength of the 
material multiplied by the areas of sections of metAl. Or expressed 
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algebraically is 2tLS. When rupture is about to take place the 
rupturing force and the strength are equal, or 

pDL = 2tLS or pD — 2tS 

- - . andt = — which are the formalas for 
D 2S 

pressure and thickness and for lon^tudinal strength. 

The extra pressura due to increased length is balanced by the 
increase of metal as is shown by the elimination of the factor L of 
the equation. 

The tendency to rupture circumferentially is evidently repre- 



per square inch. The strength to resist this force is the area of 
metal to be ruptured multiplied by the tensile strength or v DtS 

-__ X p = V DtS 
4 

Dp = 4tS 

By comparing these two formulas we see that with the same 
internal pressure, diameter and thickness of shell, a cylindrical 
boiler is twice as strong transversely as it is longitudinally, 
hence the greatest tendency to rupture is along the longitudinal 
seams. 

'I"herefore, in designing the tliickness nf shell we use the 
formula for longitudinal rupture, 

pD = 2tS or t = ?^ 

or, inserting the factors for efficiency of joint and factor of safety. 

For allowable pressure p =: — 

For thickness of shell t = -*^P 
2SE 

Now let us find the thickness of the boiler that we are design- 
ing. Sup]X)se after testing our material we find that its ultimate 
tensile strength is 54,000 pounds per square inch. In this case 
6 will be sufficiently laige for a factor of safety. This factor can 
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be reduced if the effieiency of the joint is large. Let ub aesume 
that our joint has an efficiency of 70^. This is merely a supposi- 
tion because we have not yet constructed the joint ; but we asaume 
a factor in order to find a trial thickness. 

Then t = SP = J ^/^ ^ "^^^ = .32 or about A inches. 

RIVETED JOl^^^s. 

The best knowledge of the strength and proportions of 
riveted joints can be obtained by tests of full sized pieces. Let us 
consider the strength and efficiency mathematically. Riveted 
joints may fail in several ways. 1. By shearing the rivets. 
2. By tearing the plate at the reduced section between the 
rivets. 3. By crushing the plate or rivets where they are in 
contact. 4. By cracking the plate between the rivet hole and 
the edge of the plate. As the lap in practice can always be made 
sufficiently wide a joint need never fiiil in this last way. 

As all stresses may be resolved into the three kinds, tensile, 
compressive and shearing, we will investigate for these stresses. 
Let P = the tensile stress transmitted from one plate to the other 
by a single rivet, t := the thickness of the plate, d := the diameter 
of the rivet, p =: the pitch, and S„ Sg and S^ the unit stresses in 
tension, shear and compression respectively produced by P on tiio 
plates and rivets. Therefore the tension on the plate, P will be 
equal to the area of the metal between the rivets multiplied by its 
unit tensile stress, or 

P = t (p — d) St 

For shear, P will equal the area of the rivet multiplied by 
the unit shearing stress, or 

P = J TF d^S, 

For compression, the stress is supposed to be equivalent to a 
stress uniformly distributed over the projection of the cylindrical 
surface on a plane through the axis of the rivet. Then P will be 
equal to the area of the projection multiplied by the unit compres- 
sive stress, or 

P = tdS„ 
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The above formulaa are for single riveted lap joints. If an. 
other row of rivete is naed the plates should have a wider lap. Let 
p = the pitch in one row; then the stress will be distributed over 
two rivets. 

The three formulas in this case will be. 

P = t(p — d)8, 
P = 3Xiird'S, 
P = 2 tdS„ 
For single riveted bntt joint, the shear comes on two nveta; 
this is called double shear. The above formulaa become 

P = t(p— d)St 

P = 2X Jird'S, 

P = tdS„ 
The efficiency of a joint is the ratio of its allowable stress to 
the allowable stress of the uncut plate. The allowable stress of 
the plate is represented by the formula ptS^. 

„t(p — d)S. p — d 
Then the efficiency for tension ib, E = ■ ^u = 

For shear, E = ^ ,„ or - — j^h — 
' ptb, ptS^ 



For compression, E = 



_ tdSj dSc dS^a 
" ptS, "'" pSt '^'" "pS7 

In the above formulas, a =^ the number of rivets in the width 
p, and c = the number of rivet sectiouB in the same space. The 
smallest value of E is to be taken as the efficiency of the joint. 

In designing, we try to get a joint in which all parts will have 
equal Btreugth or the resistance of the plate to tension will equal 
the resistance of the rivets to shearing and each will equal the 
resistance of the rivet to compression or crnshing. This will be 
the case if the three efficiencies are equal. 

Solving for d in the second and third we get 
J w d*S,c _ dS<,a 4 aS(,t 

ptSt ^ ^7 °'" ii^ 

If we know t we can find d from the above equation. 
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To find the pitch we malce the first e<iuation eqnal to the 
third, or the formula for tension equal that of compreasion, and 
solve tor p 

P pSt St 

aubfltitutJng the value for d, ohtained ahoTe, 

To get tlie formula for efficiency we insert these values for d 
and p, in any of the formulas for efficiency already obtained. For 
instance; 

4aS,t . Sc« 4. 1 ■> _ <«S.t 
E = P — ^ = ir cS, ' S,' "*" ■* IT c8, 
y 4aS.t .S^ , ,, 

I cs; *■ S, ^ ' 



aSa 
A good joint can be designed withoat these formulBS (in 
fact they serve as a guide only), if att«ntion is paid to the 
rules deduced from tests and conforming to "good practice by 
experienced engineers and boiler makers. In designing a riveted 
joint, good practice favors the following : 

The jiitch of rivets, for single riveting, should he about 2^ 
times the diameter of the rivets and for double riveting alwut 3 j 
times the diameter. 

The pitch near a calked edge miiBt not l>e too great for 
proper calking. 

Rivets must not be too near together. 

The lap, or the distance from the centre of the rivet to the 
edge of the over-lapping plate should he at leajst IJ times the 
diameter of the rivet. 

The diameter of the rivet is usually nearly twice the thick- 
ness of the plate and should never be less than the tliickness of 
' the plate. 

The riveted seam must contain a whole nnml>er of rivets, 
' and similar seame ehonld have the same pitch. 



byGoogle 



byGoogle 



byGoogle 



CONSTRUCTION OF BOILERS. 



51 



The distance between rows, for double riveting, is about 
twice the diametei- of tlie rivets. 

hi double butt riveting the rivete in double shear have IJ 
times the single section instead of 2. 

The thickness of double butt straps should not be less than 
g the tliicUness of the plate (each) ; single butt straps not lees 
than |. 

No one set of niles can be laid down for the best pitch of 
rivets for all circumstances of pressure, quality of plates, etc. 
The following table of proportions of riveted joints gives resalta 
for average practice in boilers of up to about 1-50 pounds 
pressure. 

TABLE OF LAP J0INT5. 





°SB' 


lacheB.' 


EWel'ed 


nohei. 


Emolenej-. 


Thlckneaa 

Inchea.' 


' 


fliLKle Double 
Blvetea. 1 Elveted. ' 


i 


i 


H 


2 


3 


.66 


.77 


■4 


H 


•: 


2A 


31 


.64 


.79 


1 


i 


u 


^ 


n 


.62 


.75 


A 


H 


i 


-i'. 


H 


.66 


.74 


i 


! 


i! 


n 


H 


.68 


.78 



Aa the stress on the transverse section is one-half that on a 
longitudinal section, a single or double lap joint is sufficient for 
any ring seam. For externally fired multitubular boilera with 
shell plates less than ^ inch thick, single riveted ring seams are 
used. For our boiler, the plates being -j^ inch thick, we will use 
rivets -fi inch in diameter, as this agrees with good practice. 
From the table, the pitch for a }■}. inch rivet for BiDgle riveted lap 
joint is 2^. Then as our ring seam is 3.1418 X 54 = 169.65 
inches and pitch 2^1, inches we will have 82 + rivets. Bat as 
we must have a whole number of rivets we will alter the pitch 
slightly and use 83 rivets with a pitch of 2.069 inches. Tho re- 
bqU depends, in each case, upon the kind of joint used in longi- 
tudinal seams. This merely shows the general method. The lap 
will be -{-J X J = Ij'j inch. 
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Kor tlie longitudinal seams we will ust? iloubtc butt joints 
with single livpting. 'I'lie thi<'knoR.i of the butt straps wilt he 
■j''jX|=-20 (nearly). To l»e on tlic safe side we will make the 
butt stnips ^ inch thick. The pitch for double butt joints is 
usually about 4 times the diameter of rivebf, so in this case it will 
be 4X-|-J^=2| inches. We will use the same amount of lap for 
this joint as for the lap joint, that is 1^ inches. 

SECnONS. 

The boiler is made up of rings or sections. The length of 
sections is often made equal, for convenience in ordering and 
cutting plates. The length is limited by the width of plate ob- 
tainable and the size of the riveting machine. This Ixiiler being 
16 feet long would probably l>e made in three Bet'tions, but tlie 
lengths should be so adjusted as not to bring the ring seam over 
the hottest part of tlie fire. 

FLUES. 

The internal pressure at which the Ixiiler shell will rupture 
can be calculated ; but the external pressure which will collapse 
a flue can be determined only by experiment. Hxtemal pressure 
tends to increase any imperfection of shape. For instance, if a 
flue is slightly oval, the external pressure tends to make it more 
flat. The strongest fonn to resist external pressure is evidently 
the circle. When considering the strength of flues length Is very 
important. 

If a lap joint is used the flue will not be a true cylinder, for 

this reason welded or butt joints are preferable. 

„ . , . . ^, , , n 806,000 fiB , , , ^ 

tairbain gives the formula, P = — J- - forcalculat- 

Id 

ing the collapsing pressure of flues, 1 = length of flue in feet, 
d = diameter in inches, t = the thickness in inches, P = press- 
ure per square inch. 'I"he exponent of t is often taken as 2 
instead of 2.19 for convenience. This formula is empirical and 
was prepared from his experiments. 

Hutton gives, P =- — -=^. In which C isa constant, which 
d V* L 
ifl 600 for wrought iron and 660 for mild steel, L = length ia 

00 DiBHiz9dbyG00«^le 
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inches, d = external diameter in inches, and t ~ thickness in 
thirty-»econd» of an inch. Results hy Hutton's formula agree 
more nearly to those by experiment than do Fairbain's. 

If the flues are oval, d in the above formula ^ the major 
axis. 

Flues are strengthened by putting in hoops at stated dis- 
tances. These hoops are made of T iron or angle iron. 

TUBES. 

The materials for tubes are iron and steel. The tubes must 
be tough to resist cutting by cindei-s. If iron is used it should 
have a tensile strength of at least 4.'>,000 pounds per square inch, 
with an elongation of 15 to 20 per cent. If steel, the elongation 
should not be less than 26 per cent, when tested before being rolled. 
If th^ 8t«el welds well there need not be any limit to its tensile 
strength. The ends of tubes should be annealed after manu- 
facture. The thickness of tubes is always greater than that 
required to prevent collapsing, in order to weld and expand in 
the tube sheet. It is often desirable to use part of the tubes as 
stays; for this purpose the tubes are made thick enough to 
take a shallow nut outside the tube plate. 

STAYINO. 

As large a portion as possible of the shell of a boiler is made 
cylindrical, for in this form plates can be made sufficiently strong 
without the aid of stays or braces. But alf flat surfaces must be 
stayed ; not only to prevent rupture, but also to provide against 
distortion and grooving. The theoretical investigation of the 
strength of flat surfaces, can be worked out only with higher mathe- 
matics. From the formula deduced, the solid end plate would 
have to be about 2 inches thick for a boiler only 3 feet tn 
diameter with plates | inch thick. It is evident that the flat ends 
it of ordinary thickness must be strengthened by stays or braces. 
The calculation of stresses in a flat plate, supported by stays, can 
be calculated only when the supported points are in rows thus 
dividing the surface into equal squares. Even when the stays are 
not to be placed in rows forming squares, it is well to make the 
calculation for a standard. 
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The equation for finding the areii enppoited by a stay rod 

»> 

, 9t'S ' 

a* = 

2p 

in which a* = the area supported, t ^ the thicknesa of the end 
plate, S = tlie allpwable streRs on the area of tlie rod, and p = 
the working steam pressure. Let us find the area supported in 
our multitubular boiler. In order to provide for future corrosion 
we will use a factor of safety of 12 and aHsnme, in the absence of 
exact knowledge, the ultimate bi'eaking strength of the rod to be 
60,000 pounds per square inch. It is iwual to make the diameter 
of the rods one to two inches, so we will make ours IJ inches in 
diameter with an area of 1.7fi7 nquai'e inches. Then the stress 
per rod is 5,000 X 1.707 = 8,835 pounds. 

a^ = _^_!^ = ^ X i_ X 8.835 _ j.^2.5 square inches. 

Then as the rod supports 132.5 square inches and the segment of 
the steam space is 547.2 square inches, the number of rods will be 

AllJ = 4. 

132 G 

The same formula will apply in finding the number of short 
screw staylwlts of the fire box. 

Suppose we wish to use a diagonal or crow foot stay, making 
an angle of 20" with the shell. If the rod is 1 inch in diameter 
and the stress is limited to 7,000 pounds, then it will carry a pull 
of .7854 X 7,000 = 5497.8 pounds, and since it makes an angle 
of 20°, the pull perpendicular to the bend will l>e 5497.8 X cos. 
20" = 5497.8 X .9397" = 5,160 pounds. If the end is fastened 
by two rivets or bolts each will carry 2,583 pounds. If each rivet 
or bolt support* a square with a side equal to a, then 5,166 ^ 75 a^ 
n- = ^|S = 68.9 square inches (nearly). 

•HOTB. TBken tromaUbteolCMlnea. 



The area of the uptake, like the area of the tubes, is made 
about I to I of the area of the grate. We find that J of the grate 
surface is 432 square inches. If we make the uptake 12 inches 
deep measured with the length of the boiler, it will be 432 -~ 12 
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= 36 inches Tride. The opening of the shell at the front si^dwill 
be 12 inches deep and the plate cut down until it is 36 inches 
vide. 

HANHOLES. 

The manhole and handhole should be strong enough and Btiff 
enough to sustain the stresses due to the direct steam pressure 
and from the stresses of the plates. The calculation of the 
strength of the manhole ring is difficult and the results obtaiued 
very uncertain, bo they are made of forms and dimensions that 
have been used in good practice and given good results. These 
fittings are bought in steel forgings. Boiler makeis design tlie 
forged rings which lie close to the shell, of a section at least equal 
to the section of the plate that is cut out. The bearing surfaces 
of the manhole cover and that of the lip against which the cover 
hears, should be machined to make a good smooth joint. The 
joints are made tight hy gaskets about | of an inch wide. 

Hand holes are constructed similarly to manholes, and often 
have a taper key in place of a bolt and nut, because the nut is 
exposed to fire and after it has been in place t>ome time, is often 
difficult to remove with a wrench. 

BRACKETS. 

BoHeiB of the roultituhular types are supported by brackets 
usually made of cast iron. Boilers up to 16 feet long have four 
brackets and those more than 16 feet long have six brackets. The 
brackets for this boiler should be about 10 inches long, measured 
with the length of the hoilei', and about 15 inches wide. They are 
riveted to the boiler with nine or ten rivets J to 1 inch in diame- 
ter. Tlie rivets can be made large, as a large rivet makes a strong 
■ j<»nt, and in this case the pitcli is not governed by calking. 

The load on the brackets can be estimated by calculating the 
weight of the boiler full of water and adding the weight of all the 
parts Bupiwrted by the boiler. These parts include pipes, valves, 
jauges, brickwork covering, etc. Tliis load sliould be divided as 
nearly equal as possible among the four brackets, so th&t the 
tendency of the boiler toward bending shall be small. 
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Brackets are set above tlie middle line of the boiler in order 
that the flanges may be protected by the brickwork setting. They 
are usually 3 or 4 inches above the middle. 

CHinNEYS. 

At the present time, the knowledge of chimneys and chimney 
draft is slight. The theories given are worth but little as they 
are based upon data which is entirely insufficient. As to tie 
design and proportions of chimneys, there are no systematic 
statements and rules that can be used. 

Chimneys are usually designed from empirical formulas and 
from tables, compiled from proportions of chimneys that have fur- 
nished sufficient draft, etc. 

The draft produced in a chimney is due to the difference in 
temperature, and coiiKequently difference in pressure, between the 
gaseu inside the chimney, and the air outside. The gases in the 
chimney being lighter rise toward the top and air rushes in at 
the bottom to fill the space left by the hot gases. This air as it 
becomes heated grows lighter and rises, thus a continuous circula- 
tion is kept up. The temperature of the gases in the chimney is 
considered to be about 600° F. for chimney calculation, as practice 
shows this to give good draft under economical conditions. 

After making several assumptions, based on experiments, the 
foUowii^ formula has been deduced : 

H. 1*. = 3.33 (A — .6 v^) V^ 
in which H. P. =: hoitte-power, A = area of the chimney, and h 
=: the height above the grate. 

The following table on page 46 has been calculated from this 
formula. This table is used to a considerable extent with satis- 
factory results. 

The part of the table which is used for ordinary proportions 
is filled in. If proportions are taken from the table rather than 
from the formula, tlie results will give better proportions. 

To find the area of the top of the chimney for a given coal 
consumption, the following empirical foimula lias been stated. 
. _ H. P. X B X 12 

"" vT ■ 
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in which A = area, H. P. = horse-power of boiler, B = number 
of pouitda coDBumed per U. P. per hour and h = height of 
cMmuej in feet. 

This area A is the area in square inches at the top. 
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Another method which is much more simple is to design the 
area of the chimney, as we have designed the total tube area; that 
is,about J the grate area. This ratio for chimneys is sometimes 
about J and decreases to J and for very tall chimneys to -^q. 

From the table we find the chimney to have nn area at the 
top of about 3.98 square feet, assuming it to be 60 or 70 feet 
high. This area gives a diameter of 27 inches if circular, or 24 
inches if square. 

H . P. X B y 12 

N/h- 

We must either assume or calculate B. As the calculation 
ia very easy it would be better than any assumption. The total 
amount of coal burned per hour equals 12 X 24 or 288 pounds. 
The amount per H. P. per hour is 28ti — 75 or 3.84 pounds. 



Let us calculate it from the formula A = 
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Then assuming the cluumey to be 60 feet bigh, 

A ^ — — = 44o Bouare inches, or about 24 

iuches in diameter if circular and 21 inches if squai-e. 

By the last metliod tlie area of the chimney will he 24 -^ 8 
or 3 squai'e feet, or 432 square inches, giving practically the same 
result as with the foi-mula. 

As the table is reliable and gives us tlie lai^er area, we 
will use it and be on the safe side ; also as the amount of coal 
burned per hour hy the draft in a chimney can be found by mul- 
tiplying the horse-power in the altove tjible hy 5, the chimney 
with an luea of 3.98 squaru feet and 60 feet high will bum 
72 X 5 = 3G0 pounds of coal jier lionr. The boiler in question 
bums only 288 pounds, so tlie chimney is sufllcit-ntly lai;ge. 

Chimneys are usually of brick or of steel plates. If of steel 
they are always circular. Wlien ma<le of brick they are circular, 
square or hexagonal. With a given draft area, a circular chimney 
requires the least material, since a cii-cumfcrence has the least 
{lerimeter for a given area ; it also presents less rfsistanee t(t wind. 

A Bteel chimney is made up of plates of steel rivL-tcd to- 
gether. The shell is bolted through a foundation ring of cast iron 
' to the stone foundation. It lias a stiaight ta]>er to the top, which 
is finished, for appearance with light plates. The shell is lined 
with fire-brick, with a thickness which varies from 12 to 18 inches 
at the bottom to about 2 to 4 inches at tlie top. This lining is 
used to prevent heat leing lost fiom the shell and does not add to 
the strength of the chimney. 

A brick chimney is built in two parts; a the outer shell, 
which resists wind pressure and S,the lining which is the flue. 
This flue is made separate from the. external shell in order that it 
may expand, when the chimney is full of liot gases, without strain- 
ing the outer shell. 

The interior of both steel and brick chimneys are often cylin- 
drical while the exterior tjipers. The taper is al)out .B inch to 
the foot. The brick at the base of the chimney is splayed out to 
make a large base. 
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As good natural earth should carry from 2000 to 4000 pounds 
per square foot, the base of the chimney should be lai^e enough 
so that thiB pressure will not be exceeded. 

The external shell is calculated for wind pressure and the 
weight of brick. This calculation for wind pressure involving 
higher mathematics will not be treated here. The Uning is cal- 
culated for compression due to weight. The design, both of the 
chimney and its foundation, should be made by a competent engi- 
neer of experience, on account of disastrous results should a 
chimney falL 
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Generally speaking, a eteam boiler is a cloeed metallic vessel 
in which steam is generated from water by the applicatign of heat. 
As steam is under presBUre it is evident that the vessel must be 
strong and tight. 

To operate the boiler safely and economically there must be 
certain fittings and accessories — some of tliese are nsed in the care 
of the boiler, while others serve to increase the economy. Among 
the most important attachments and appurtenances may be men- 
tioned the following: 

A feed pump or injector, with valves, piping, etc., to supply 
water to the boiler. 

Gage cocks and glass water gage to shew the attendant the 
height of water or the water level, as it is called, in the boiler. 

A pressure gage to show the pressure of steam in the boiler. 
The pressure is nsually measured in pounds per square inch. 

A safety valve to allow steam to escape from the boiler when 
the pressnre exceeds a certain fixed amount. This attachment, 
being a safety device, should be automatic and reliable! 

A blow-off pipe, with its valves, to blow out sediment from 
the boiler, reduce the amount of water in the boiler, or empty it. 

A steam pipe, with its valves, to conduct the steam from the 
boiler to the place where it is to be used. 

Manholes and handhoies, with covers, for examination, re- 
pairs, and cleaning. 

* Fusible plugs to give warning when the water level be- 
eomes too low, or melt and allow, the water to escape. 

*High- and low-water alarms to give warning when the 
water level is too high or too low. 

* A heater to raise the temperature of the feed water as nearly 
as possible to that of the water in. the boiler. 

*NoT£. Although the last three are desirable, they are not abso- 
lutely neceasary, as a boiler can be sucoeBBfully operated without them. 
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In additioD to these there are other attachments such as: 

Lugs or brackets for supportiDg the boiler. 

Masonry for setting the boiler and keeping it in position, and 
in many cases to keep the hot gases in contact with the shell. 

Furnace fittings, including grate bars, bearer bars, dampers, 
(ire doors, ashpit doors, etc. 

The chimney to carry away the waste gases and create draft. 

Tools, such as shovels, slice bars, scrapers, tube brushes, etc. 

DEFINITIONS. 

The following definitions should be remembered in connec- 
tion with the terms used in designating the various classes. 

A tire-tube boiler is one having the heating surface composed 
largely of tubes which are surrounded with water, the hot gases 
passing through them. 

A water-tube boiler is also composed of tubes, but in this 
ease water flows through the tubes, while the hot gases pass around 
and among them. 

In a sectional boiler the tubes and corresponding headers 
form comparatively small units. Each unit is complete in Itself; 
that is, it is in communication with a steam and water drum but 
is independent of the other units. 

A non-sectional boiler is one having all the tubes in com- 
munication with one another; in other words, all or nearly all the 
tubes are expanded into a common header or drum. The boiler is 
not made up of units. 

A single-tube boiler is made up of plain tubes. 

A double-tube boiler has a small tube insfde of the regular 
tube and concentric with it. 

A boiler is externally-fired when the furnace is separate from 
the shell; in such boilers the lire is usually placed in a brick 
furnace. 

In the internaiiy-llred boiler the grate is inside of a flue 
which is within the shell, 

A fire-box boiler is one having the fire within a fire box 
which, although external to the shell, is rigidly connected to it. 
The fire box is usually made of steel plates instead of brick aa is 
the case of the externally-fired boiler. 
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CLASSIFICATIONS. 

The alinoBt endleea variety of boilers now in use is due largely 
to the many conditionB nnder which they are used. Other reasons 
for the numerous forma are the great latitude in design and con- 
Btroction, and the competition among engineers, who hare, during 
the laBt centnry, sought to produce, at moderate cost, steam gener- 
ators that will be safe, durable, and economical. 

The necessity for careful classification before discussing the 
details is apparent when one considers the similarities and differ. 
ences. Much valuable time may be saved by selecting some make 
of boiler to represent a given class. Still further, the classilica- 
tion reduces the chances of overlooking interesting features. 

CLASSIFICATION. 
According to Use. 



SJngle 



Multitubular \ 



Early Fonna. 
Plain C'yllndrical 

Flue, Exteraally-flred 

1 Comieh (single-flue) 
Boilers i Lancasliire (two-flue) 
( Galloway 
' External ly-fl red 
Intemally-Hred (retui 
Horizontal 
Verticai 

tStralght-tube 

Curved-tube 

Horizontal 

Vertical 

Sectional 

Non-sect I onal 



Stationary -i Fire-box Boilers 



Water-tulie Boilers 



Mixed Types 
I. Peculiar Forme 

Early Forms (box or rectangular) 

Bcotch or Drum 

Return-tube 

Through-tube 

I Curved-tube 

w.u„.,„b. «3lfS«'"« 

[ Non-sectional 
Launch Boilers 

f Multitubular flre-box Icommon form) 
^, Wooten Type 
Locomotive^ Comigatea Furnace 

[ Peculiar Forms 



Boilers maybe classified 
into the following great ciasse 



a many ways. They may be divided 
i: Fire-tube and water-tube, vertical 
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and horizontal, stationary and non -stationary, or externally-fired 
and internally-fired. They may also be classified according to nsea 
or according to forms of conatrnction. For illustration, twoclassi- 
lications, of which the following seems better for this discussion, 
are given. 

CLASSIFICATION. 
According to Form of Construction. 
Early Forma. 



) Galloway 

^SlngleFlue (ex tern ally-fired) 



!Hori7.ontal (comiuoii fonu) 
Vertical 
Retum-tube 
Through-tube 
Pfre-box 
Peculiar Forma 



' 1 Vertical Straight-tube 
vertical j Curved-tube 
L Peculiar Forms 



EARLY FORMS. 

The earliest boilers of which we have reliable record were 
spherical. They were of cast iron and set in brickwork. It was 
customary to set this type of boiler with the fire underneath and 
construct flues in the brickwork to conduct the hot gases around 
the boiler just below the water level. The Lot gases passed entirely 
around the boiler before escaping to the chimney. 

The Hi^stack Bolter. The next form to be generally used 
was that invented by Newcomen in 1711, On account of its pecul- 
iar shape it was called the " Ilaystack " or " Balloon " boiler. It 
was of wrought iron and bad a hemitipherical top and arched bot- 
tom. The fire was placed underneath the arched portion; the hot 
gases surrounding the lower part of the boiler. An improved form 
of the Haystack boiler is shown in Fig. 1. Smeaton placed the 
fire inside the shell and arranged internal flues for conducting 
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the hot gases to the chimney. This arrangement increaeeB the 
heating surface and consequently the economy of the boiler. 

The Wagon Boiler. To still further increase the heating sur- 
face, James Watt introduced his "Wagon " boiler. This form ie 
shown in Fig. 2. The top was cylindrical and the sides curved 
inward. The curved plates as- 
sisted in the formation of flues 
on either side. The hot gases 
passed from the grate, under- 
neath the boiler to the rear, 
through the left-hand flue to the 
front, then through the right- 
hand flue to the rear and thence 
to the chimney. This was called 
the wheel draft because the 
gases passed entirely around the 
boiler. In the large sizes a flue 
was placed in the boiler. The 
products of combustion returned 
through this flue to the front 
after passing under the boiler to 
the rear, as in the small sizes. 
On issuing from the flue at the 

front, the gases divided and p]g. i. 

passed to the chimney at the 

rear by means of the flues in the brickwork. This form of draft 
was called the split dmft. 

Watt used a column of water in the vertical feed pipe as a 
pressure gage; the rise and fall of this column also controlled the 
damper. The feed was regulated by a float. 

MODERN BOILERS. 

Although such boilers as the Haystack, Wagon, and others were 
fairly satisfactory in the period in which they were invented, they 
could not stand the higher pressnres that soon became common. 

About the beginning of the nineteenth century the cylindrical 
boiler was introduced. The earliest forms were the plain cylin- 
drical boiler and the "Egg-end" boiler. The difference was iu 
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tliir fifnii of tliif eii<J!9 — tli'jK of the former wt-re llat and of cmsI 
iron, »lnl« tlie finiit of llie latter were beinisjilierical ami made of 
wroiijfiit iron. Th« ej^g-end lx>iler required no staying or Itraeing 
l»w»iiiM) itH form in, with t)ie exception of a sjihere, tlie Ptronpest 
to reHiKt internal pret'enre. 

The Cyltndrical Boiler consisted of a shell of wrought-iroo 
Iwiler plate and ends of the same material or of cast inm. It waa 



Fig. 2. 

wt in J)rickwork as sliown in Fig, 3. The boiler was about two- 
thirds filled with water, the remaining third forming the steam 
s|iRen. To colli'ct and store the steam as it rose from the water a 
Hteain dome was added. Tlie steam pipe was attached to -the dome 
to wliidt the safety valve also was conneeted. The hot gases from 
the fire passed under the boiler to the rear and then to the chimney- 
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The heatiug Biirface of this type is small with a given diam- 
eter nnlesB the boiler is made very long. As all sediment collects 
in the bottom, where the heat is moBt intense, the plates are liable 
to barn. Since sediment and scale are poor conductors of heat, 
the heat remains in the plates and overheat's them instead of flow, 
iug to the water. 

The disadvantages (the small heating surface and the collec- 
tion of sediment) do not Seem so serious when one considers the 




Fig. a. 

simplicity of construction, strength, durability, and ease of repair- 
ing and cleaning. 

The plain cylindrical boiler was adapted for mining districts, 
iron works and other places where fuel ie abundant and skilled 
boiler makers are not readily found. This boiler was mad© very 
long to get the required heating surface, the length sometimes 
exceeding fifty feet. 

FLUE BOILERS. 

In order to get the necessary heating surface in the cylindrical 
boiler without making it excessively long, it was made with an 
internal flue through which the hot gases passed to the cliimney. 
This flue was quite large and extended from end to end. In the 
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United States, Oliver Kvans used tbis tjp in ISOO. In England, 
it led to the internally-fired flue boilers which were so extensivelj 
need. 

THE CORNISH BOILER. 
Horizontal^ SlnKle-Flue—Int«ni«llyFlred. 
When it was found that aboat 25 per cent of the total heat of 
combustion was lost by radiation from the furnace, a Cornish 




Fig. 4. 

engineer named Trevithick, coneoived the idea of placing the fire 
inside the large internal flue. lie introduced this type which is 
knowu 83 the Cornish boiler. 

The products of combuBtion 
pass from the lire on the grate 
bars C (Fig, ■!) through the flue 
to the back end where they divide 
and return to the front end by 
means of the lateral flues L in the 
brickwork. See Fig- 4/?, At the 
front the hot gases pass down- 
ward, and uniting pasB through 
the flue F in contact with the bot- 
tom of the boiler. On leaving 
the boiler they go to the chim- 
ney. This arrangement oE flues reduces the temperature of the 
gases before they come in contact with the bottom of the boiler 
where sediment collects. The grate bars rest ou the dead plate D 



Fig. 4a. 
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at one end and od the bridge B at the other; if made in two lengths 
(as ie often the case) thejare supported at the twnter by a cross bearer. 
Thebridgeisbuilt of fire brick and the external flues are lined with 
fire brick. The heads are stayed to the shell by gusset stays E E. 

The large internal fine 
is the hottest portion of the 
boiler because it contains the 
lire. For this reason the fiue 
has greater linear expansion 
than the shell and, if the flue 
is a plain cylinder, the in. 
crease in length causes the 
ends to bulge. When the 
boiler is cold, the fine returns to its normallength. This lengthen- 
ing and shortening will soon loosen the flue at the ends. To' over- 
come this, the flue ia sometimes made up of several short rings 
flanged at the ends and joined by being riveted to a plain ring. 
This construction is shown in section in Fig, 4. Another method 




Fig 5. 



Fig. 6. 
is shown In section in Fig. 5. The plain ring is riveted to the 
curved ring; this ring takes up the expansion, increases the heat- 
ing surface, and strengthens the flue against external pressure. 
The same results may be obtained by the use of the corrugated 
flue, one form of which ia shown in Fig. 6. The cornigated fine 
has many advantages over the devices shown in Figs. 4 and 5; it is 
frequently used in marine boilers. 

LANCASHIRE BOILER. 
Horizontal— Two-Flue— lnternally-Flr«d. 
It can be proved, both by exj)eriinent and calculation, that 
with a given thickness large cylinders cannot stand as much ex- 
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ternal pressure as small ones. For this reason and on aecouiit 
of the short distance a tireman can throw coal accurately, the 
Cornish boiler is snittible for email powers only. If it is made too 
large, the flue la liable to collapse, bnt if, on the othsr hand, the 
flue is of loo small a diameter, the grate will be insiiflicient. If 
this form of boiler is to be used in large size it ia modified by 
using two flues instead of one. This Iwiler is called the I^nca- 



FlK. 7. 
shire boiler. It is like the Cornish lyjie except that it has two 
flues and, of course, two funiacea. 

The flues are soiuBlinies continued se|)arately to the end. If 
they merge into one large flue, which forms the combustion cham- 
ber, it is called the ''Breeches-flned " or duplex furnace boiler. 
These furnaces are fired alternately; the unburned gases set free 
from the freshly-fired coal are burned on meeting the hot gases from 
the incandescent coal of the other furnace. This arrangement 
prevents the escape of the unburned hydrocarbons. 

The disadvantage of the Lancashire boiler is the difliculty in 
finding room for the two flues without greatly increasing the diam- 
eter of the boiler. Also, the small furnace is unfavorable to com- 
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plete combastiua as the space for the iioitiDg aod burning of 
the hydrocarbons is restricted. The combustion chamber of the 
breeches-flued boiler provides the necessary space, bnt tbecoustrne- 
tion at the junction of the two flues is weak and has been the 
cause of many explosions. 

QALLOWAY BOILER. 
HorlzonUI— Two-Rue— lnt«niBlly-Plred—Oalloway Tubes. 

Another boiler of the same gen - 
eral form is the Galloway, shown 
in Fig. 7. This boiler differs from 
the Lancashire in that short tubes 
are added to the flues. In the Gallo- 
way boiler having two distinct flues, 
the tubes were placed as shown in 
Fig. 8. 

In the later form of Galloway 
boiler, the two flues merge into one 
large fine of the shape shown in 
Fig, 9. This fine has corrugated 
aides and the conical tubes are Btaggered, thus insuring a thor- 
ough breaking up of the currents of hot gases. The tubes are 




Fig. 8. 



made conical to facilitate removal for repairs. The shape of the 
tube also periuits the water to expand on being heated, and the par- 
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tides rise vertically witbout disturbing the water on tbe beating 
surfftcea above. The conical tubes are generally riveted rather 
than welded because the removal of a tube that is welded leaves a 
large hole in the flue. 

FIRE-TUBE B0ILER5. 

SINOLE-FLUE BOILER. 

Horizoatal— Single F(r« Tube— Externally- Fired. 

In the <'ornish, Lancashire, and Galloway boiler the large 
internal fiuu served as a fire box. There was, however, a flue 



boiler having the' tire external to the shell. The boiler shown in 
Fig. 10 resembles the plain cylindrical boiler both in appearance 
and setting, but it has one or more large flues extending from end 
to end. This flue increases the heating surface to such an extent 
that the boiler can be considerably shorter than the plain cylin- 
drical. 

MULTITUBULAR BOILER. 

Horizontal— Alany Small Fire Tubes— ExUrnally-Flred. 

When engineers found that the internal flue was sueb an 

advantage (thai is, it increased the heating surface), they soon 

added more tubes; aa the number increased, the size diminished 

until they became of the size used at present. This is in brief the 
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development of the mnUitnbalar boiler. This type of boiler has 
for many years been commonly used for stationary work and 
although other typeapOBsesB ad van t^;^8 for certain conditions, it is 
Btill considered economical, reliable, easily handled, and safe if con- 
structed of good material and operated with care and intelligence. 
Figs. 11 to 14 are selected to illustrate this boiler. The boiler 
without the brick setting is shown in Fig. 11. It consists of a 



Fig. 11. 
steel cylindrical shell and numerous small tubes extending from 
end to end. These tubes are 3 or 4 inches in diameter and are 
fastened to the two ends (called tube sheets) by expanding the 
tubes against the sheet and beading them over on the outside. 
The shell is made of steel plates ^ to |-inch in thickness. At the 
front, the shell plates extend beyond the tube sheet and are cut 
away to allow the waste gases to enter the nptake. About one- 
third the volume of the boiler is occupied by the steam; the other 
two-thirds is filled with water and tubes. The water line is a little 
(from 4 to 8 inches) above the top row of tubes. 

The Hat ends are prevented from bulging by stays which ,may 
be of the form shown in Fig. 12 or they may be diagonal stays. 
The through stays are fastened to the tube, plates by means of nuts 
and washers as shown at S in Fig. 11, and also in Fig. 12. Below 
the water level, the end plate is stayed by the tubes. This type of 
boiler may be supported by brackets B riveted to the shell or by 
means of beams and columns, as shown in Fig. 14. The front 
bracket is often fixed in the aide wall, but tlie rear bracket should 
be placed on rollers so that it can move on an iron plate. This 
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will prevttnt the Btraining of the plates from expaosioQ aud con- 
traction. A email space mnet be left between the rear tube sheet 
and the brick wall to allow for expaneion. 

The boiler shown in Fig. 11 has two steam nozzles N. It the 
boiler has a dome ( D Fig. 13) the steam nozzle is at or near the top 
of the dome The feed pipe may enter either at the front or at 
the rear. It frequently terminates in a perforated pipe below the 
water line. The blow-off pipe is at the rear of the boiler as shown ' 




Fig. 13. 
in Fig. 13, A valve, called the blow-off valve, regulates the flow 
and may be opened, when, there is low pressure in the boiler, to 
blow out sediment and detached scale. The boiler is usually set 
with a slight inclination toward the rear so that mud and detached 
scale may collect near the blow-oft pipe. 

In order that the boiler maybe entered for cleaning or repairs, 
it is provided with manholes and handholes. Fig. 11 shows a 
manhole M at the top near the middle and a handhole near the 
bottom of the front tube sheet. Handlioles may be put in wherever 
desired, but manholes can be located only where the arrangement 
of stays and tubes will permit the entrance of a man. Manholes 
and handholes are elliptical; the former being about 11 inches by 
15 inches in size; while the latter are about 4 inches by t» inches, 



byGoogle 



TYPES OP BOILERS 



byGoogle 



TYPES OF BOILERS 18 

The beating Biirface Is tlie surface in contact with ttie hot 
gases. In this ty[)e, the heating surface is made up of about half 
the shell, the tubes, and about two-thirds of the rear tube sheet. 
Id general, all the heating surface is below the water line. 

The complete multitubular boiler is shown in its brick setting 
in Fig. 14, and a longitudinal section of the setting in Fig. IS. 
The brick setting consists of brick 
laid in cement or mortar. The 
bridge and the portions of the fur- 
nace exposed to the fire are lined 
with fire brick. The bridge is built 
at the rear of the grate and forms a 
support for the grate bars; it also di- 
rects the flames upward. Thearrows 
show the direction of the flow of hot 
gases. The furnace is formed by 
the bridge, the side walls, and the 
lower part of the boiler front. The ■ 
boiler front is usually of cast iron 
with the lower part lined with tire 
brick. The front has doors which 
lead to the furnace, ashpit, and 
smoke box. The space below the 
grate iscalled the ashpit, and through 
its doors ashes are removed and a 
large portion of the air for combus- 
tion enters. Both the fire doors and ,„ ,. 

Fig. 15. 
ashpit doors have draft plates, or 

grids, to regulate the supply of air. The doors to the smoke box 
give access to the tubes for cleaning and re])aira. 

UPRIQHT BOILERS. 
Vertical— Many Small Fire Tubes— Fire Box. 

Upright boilers are used when floor s[)ac-e ia valuable and 
there is sutticient height. In small sizes, they are used for hoist- 
ing engines, pile driving, for supplying steam for pumps, and 
similar work; in large sizes when it is necessary to have a [wwerful 
battery in a small space. In general thiiiyare not as economical as 
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the borisontal multitubnl&r boiler nnless they are carefully deBigned 
and of coDsiderable height. If the tubes are short, the hot gases 
escape before they give up much of their heat. 

One of the simplest forma of upright boiler is ehown in Fig. 
15, It has a cylindrical shell with a large fire box at its lower 
end. This fire bos is formed by the inner cylinder which is fas- 
teued to the outer shell by short screw stay bolts as showD. A 



Fig. 16. Fig. 17. 

flanged ring connefta the fire box with a large flue which conducts 
the hot gases away. The necessary handholes, gages, safety valves, 
etc., are provided. This form is not economical but is used on 
account of the little attention required. 

More economical forms of the small upright boiler are illus- 
trated in Fig. 10 and 17. The boiler shown in Fig. 10 is a com- 
mon form; externally it is like the boiler represented by Fig. 15, 
but within, it has a somewhat different construction. It resembles 
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a mnltitubular boiler placed on end. The fire box ie made of an 
inner cylinder stayed to the outer. The top of the fire box, called 
the lower tube sheet, ia connected to the upper head by tubes, 
through which the hot gasea paaa to the auioke pipe- It will be 
readily seen from Fig. 16, that the Upper ends of the tubes are 
snrronnded with steam while the lower portions are covered with 
water. As steam is a poor conductor of heat, the ends of these 
tubes are liable to injury from overheating. 

In the class of boiler shown in Fig. 17 the upper ends of the 
tubes are below the water level, thus avoiding the weakness des- 
cribed in connection with Fig, 16, TJie upper tube sheet is sub- 
merged and is flanged and riveted to the frustum of the cone 
which forms the smoke box. The chief defect in this boiler la 
that the lower part of the cone is often placed too near the shell; 
this is done to admit more tubes. This construction restricts the 
space so much that there is not sufficient room for the steam to 
rise as it is formed on the tubes. The cone, which is subjected to 
external steam pressure, is likely to be weak and is usually care- 
fully stayed. 

These small upright boilers require no brick setting, as the 
fire box is within the boiler and the cast-iron foundation forma 
the ashpit. 

MANNINO BOILER., 
VcrUcal— Many 5mall Fire Tubes— Fire Box. 

The Manning boiler ia illustrated in Fig. 18. In order to 
get a large heating surface, it is made 20 to BO feet high. It is, 
in general, similar to the upright boiler shown in Fig, 16. At 
the lower portion, the shell is of greater diameter than at the top 
in order to provide a large grate area. The inner fire box is 
stayed to the shell by screw stay bolts. As the fire box is sur- 
rounded by water and there are many long tubes there is a large 
heating surface. The tubes are arranged in concentric circles with 
a space for circulatiou in the middle. 

The external fire box ia joined to the ahell by a double flanged 
ring as shown in Fig, 10; or, by the cone-shajied section aa illus- 
trated in Fig. 20, The top edge of the internal fire box is riveted 
to the lower tube sheet which is flanged. The bottom of the inner 
fire box ia connected to the outer shell by a welded ring (shown 
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ill BectioD ill I'igB. 1!) and 
^0) called tbe foundation 
ring. The water space be- 
tween the inner and enter 
tire box plates, called the 
water leg, should be large. 

This boiler is cleaned by 
means of handholes. They 
are placed in the shell plates 
near the lower tube sheet, in 
the external fire box just over 
the furnace door, and at the 
bottom near the foundation 
ring. As there are no man- 
holes for cleaning, the boiler 
is suited to good feed water 
only. 

The feed pipe enters the 
shell at the side near the 
middle of the water space, 
and extends across the boiler ; 
it is perforated to distribute 
the water. 

The heating surface con- 
sists of the inside of the tire 
box and the tubes up to the 
water level, and the tube 
sheet. That part of the tubes 
iihin\- tile water line is the 
superheating surface ; that is, 
thebeatfrom the gases paBBes 
through the metal of the 
tubes to the steam, thus rais- 
ing its temperature without 
■raising its pressure. Steam 
heated under these condi- 
tions is called superheated 
steam. In small vertical 
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boilerB tliie su|)erke&ti ng surface is not desirable becauee the work 
of the small boiler does not reqnire superheated steam and the 
tubes are likely to be burned by the intense heat. With the long 




KlR. ] 



Fig. 20. 



tubes of the Manning, the gases are not as hot when they reach 
the top, and as this boiler is built in large powers (20<) horse-power 
being common) the engines supplied are built for economy and 
require dry if not superheated steam. 

RETURN-TUBE BOILERS. 
Horizontal— Many Small Fire Tubes— Internally -Plr«d. 

The boilers hitherto descril)ed are used mainly for stationary 
work, the exceptions being bo few that they need not be oveu men- 



tioned. Let us now dis 



1 another modification of the fire-tulie 
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boiler — one tliat has beeo and is now extensively need in marine 
work. Tbe parts of the return-tnbe boiler are eesentiallj the aauie 
as thoBe of fine boilers (Cornish and Lancashire) and the multi- 
tnbnlar boiler. They are, however, arranged differently in order 
to be used on board ship. 

The earliest forms of marine boilers, working with presBores 
of 15 to 30 poands per square inch, were square or box-shaped. 
They were economical and of convenient form for ships. When 
higher steam pressnres became necessary, the flat surfaces required 
80 much staying that they were abandoned and the cylindrical 
type introduced, as this form is the best of the practical shapes to 
resist internal pressure. The cylindrical form may not be as con- 
veniently stowed aboard ship, but it will stand much higher pres- 



Flg. 21. 

Biires. The cylindrical marine boiler is frequently built for 170 
pounds per square inch. 

The single-ended, return-tube boiler, shown in Fig. 21, com- 
bines the internal furnace flue of the Cornish type and the numer- 
ous small lire tubes of the multitubular. The cylindrical shell is 
made up of plates riveted together and to the flat ends of the 
boiler, which are flanged to fit the shell. 

The furnace is cylindrical, three to four feet in diameter and 
about seven feet in length. The front end of the furnace flue is 
riveted to the front end plate, which is flanged for the purpose. 
The back end ie riveted to the combustion chan^ber plates. For- 
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inerly, the flue was a plain cylinder, bnt SB a plain cylinder, unless ' 
of small diameter, cannot stand ninch external presBure, it soon 
became necesBary to strengthen it. This was done by tomans of the 
cnrved ring shown in Pig. 5 and other methods; but at present 
the corrugated flue is nsed, one form being shown in Fig. 6. 

The grate is placed at about the center of the height of the 
fnrnace fine; the space above this grate is.occnpied by the fire and 
hot gases, below it is the SBhpit. As will be seen from the arrows 




in Fig 21, the hot gases fill the apace abo^e the fire, the combue- " 
tion chamber, the tubes and the uptake. 

The combustion chamber in which the products of combus- 
tion are completely burned, is formed of flat and curved plates 
flanged at the edges and riveted together. The shape of the plates 
is shown in Fig. 21, which is a sectional view of a single-ended 
marine boiler. The back tube sheet forms the front of the com- 
bustion chamber. The space around the tubes, furnace flue, and 
combustion chamber is filled with water, the water level being six 
to eight inches above the top row of tubes. The space above the 
water level is called the steam space. 
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As the returu-tube boiler has several flat surfaces, this type 
rei^uirea careful staying. The flat ends above the water level are 
prevented from bulging by long stay rods which are similar to 
those in the multitubular type. Below the water level, the furnace 
flue and the tubes aid in holding the fiat plates together. In addi- 
tion, a few of the tubes (shown by the heavier circles in Fig. 21) 
are made thicker so that a thread may be cut on the ends which 
are screwed into the tube sheets and held by thin nute. The com- 
bustion chamt^er plates are stayed to the rear end plate and the 
shell by short screw stay bolts. The flat top of the eombnstioD 
chamber is supported by girders or crown bars. 

Number of Furnaces. The boiler shown in Fig. 31 has only 
one furnace, bnt retnrn-tnbe boilers frequently have two, three, or 
fonr furnaces. 



Fig. is. 

Fig. ~2 shows a boiler with three furnaces. I^rge furnaces 
are more efficient than small ones because the grate area increases 
directly as the diameter, while the air space above the grate in- 
creases as the square of the diameter. The greater space aids 
combustion. Tlie length of the grate bars is nearly constant for 
all sizes of flue because it is limited by the distance a fireman can 
throw coal. Furnace flues are usually from 36 to 51 inches in 
diameter. As the size of furnaces is fixed, the number depends 
upon the size of the boiler, for a large boiler mnst have a large 
grate area which can be obtained only by using several furnaces. 
The various arrangements are shown diagram matically in Fig. 23. 

A single- furnace boiler has but one combustion chamber. A 
two.furnace boiler may have a combustion chamber for each fur- 
nace or it may have a common combustion chamber. If there is 
but one boiler on board, it is better to have two combustion cham- 
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bers, so tlmt in casts a tiilie bursts, the boiler will not be disabled. 
If, however, there are several boilers, it is better to have a common 
combustion clianjber for the two furnaces, because the alternate 
stoking keeps up a more nearly constant pressure of sttiain and 
there is less smoke. Three-furnace boilers usually have three 
combustion chambers, while four-furnace boilers have two. In 
case four furnaces are used with three combnstifin chambers, the 
two center furnaces lead to a common combustion chamber and 
each outside furnace has one. 



KlR. -24. 

Double-ended Boilers. This form of marine return-tube 
boiler is practically the same as two single-ended boilers placed 
back to back, but with the rear plates removed. The weight of 
the rear plates is saved and there is less loss from radiation. This 
makes the double-ended boiler lighter and cheaper in pmportion 
to the heating surface. Double-ended boilers are often made K! 
feet in diameter and 18 feet long. 
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There are two distinct classes of double-endod return-tabe 
boiler — those having all the furnaces open into one combustion 
chamber and those having several combustion chambers. The 
boiler having but one combustion chamber has the disadvantage 
that if one fire is being cleaned the whole boiler may be cooled by 




the inrush of cold air. It is better to have a combustion chamber 
for each furnace or at least have a combustion chamber for the fur- 
naces of each end. The usual method of dividing up the combus- 
tion chambers is by water spaces as shown in Fig. 24, which is the 
section of a boiler hs'-ing a combustion chamber for each furnace. 
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Internal Furnace Return-Tube Boiler. Although the return- 
tube boiler ia commonly uaed in marine work, this type, with 
some changes in detail, is used in plants ashore. Fig. 25 shows 



Fig. 25. 
the conetruction and arrangement of parts. 
proportion to the diameter than is the case ' 
the eorabnation chamber ia 
partly external to the shell, that 
is, the rear tube sheet is also the 
rear end plate. This arrange- 
ment does away with the neces- 
sity of staying the flat plates 
of the combustion chamber. 

Another form of internal 
fnrnaee, return-tube boiler is 
shown in Fig. 26. This boiler 
usually has two flues extending 
from the front to the back head. 
The grate is placed in the cor- 
rngated portion while conical 
water tubes support the flue 
back of a bridge wall. The 
large furnaces and the space aroi 
combustion chamber of ample size. 



The flue ia larger in 
ith the marine form; 




ud the conical tubes provide a 
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The arrows show the direction of the hot gaoeB. After leav- 
ing the internal flue they enter the return tubes which are below 
the furnace; before leaving the boiler, they pass underneath the 
ebell. By this arrangement the hottest gases ar^ near the water 
line and the cooler gases in contact with the cold water, thus there 
is the greatest difference in temperature at all times. At each 
change in the direction of the hot gases, there is an opportunity 
for dirt and ash to fall by gravity so that the tubes may remain 
clean and efficient. 



Fig. 28. 
With the exception of the foundation there is no brickwork. 
The shell is covered with a non-conducting material. This boiler, 
like the Galloway, has a large steam and water space, thus insur- 
ing dry steam and great reserve power, 

THROUQH-TUBE BOILERS, 
tlortzontal— Many Small Fire Tubes— Internally -Fired. 

Vessels of slight draft require a boiler of small diameter. 
This is especially true of gunlKuits as it is desirable to have the 
boilers below the water line. As there is not room for the return- 
tube boiler, the through-tube, shown in Fig. 27, is Bometinies 
used. This boiler is made np of the same parts as the return 
tabe, the chief difEereoce being that of arrangement. The rear 
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plate of the combuBtion chamber forma oue tube sheet and the end 
plate forms the other. The top of the combustion chamber is 
stayed to the shell by sling etays which are bars Ija^ng forked ends 
fastened to the shell and to the combustion chamber. 



The tire is in a flue, or flues, which leads to the combustion 
chamber. The hot gases pass from the combustion chamber 
through the tubes to the uptake at the back end. The chief ob- 
jection to this form is its length, for the heating surface is small 
uoIeBs the boiler is made very long. 
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FIRE-BOX BOILERS. 

LOCOMOTIVB TYPE. 

HorlzonUI— AUny 5null Flr« Tubes— External y Fired. 

Although vertical fire-tube boilers may be classed as fire-bos 
boilers, yet the name fire-box boiler is uaually applied to the loco- 
motive type whether used with a locomotive or as a stationary boiler. 

The usual form of horizontal lire-box boiler consists of a cyl- 
indrical shell, or barrel, partly filled with tubes, and a rectangular 



Fig. 28. 

fire box. The shell is prolonged beyond the rear tube sheet to 
form a smoke box. The front ends of the tubes open into the fire- 
box, while the rear ends open into the smoke box. The hot gases 
from the fire pass through the tubes to the smoke box and from 
thence to the stack or uptake. For locomotive work, there are a 
large number of small tubes (usually 2-inch), but for stationary 
work the tubes are larger and less numerous. The reason for this 
difference is that in the locomotive boiler a greater heating surface 
is necessary, and to obtain sufficient draft to burn the large amount 
of coal for this beating surface, the exhaust steam is turned into 
the smoke box. The blast of steam carries the heated gases up 
the stack and a fresh supply of air passes through the grate. 

The cylindrical shell is joined to the fire box by riveting to a 
flanged ring or to a cone-shaped portion as in the vertical boiler. 
The fire box has a rectangular cross-section and usually a flat top. 
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Like the vertical boiler there is an inner and an outer fire box, the 
inner having the same shape as the outer, except that the top ie 
flat The external fire box is connected to the inner by short 
screw stays. The space between is called the water leg. The flat 
top is stayed by girders or crown stays. These are sometimes at- 
tached to the shell by sling Btays. The lower portions of the tnbe 
sheets are held in place by the tabes; the upper portions are stayed 
by diagonal stays. 




Fig. 31. 

The chief differences in the various fornis of locomotive boilers 
are the shape of the fire box and the location of the grate. IjOco- 
motive boilers are either straight top or wagon top. The wagon 
top boiler, see Fig. 2K, hsia a cone-shaped portion by means of 
which the boiler is larger at the fire-box end. This constniction 
is to give a greater steam space. The increase in size of boilers 
has' raised the top so high above the rails that the wagon top is 
not now used extensively; the straight top, see Fig, 3i), is more 
common. 
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Belpaire Boiler. The shell and fire tubes of this type of 
boiler are practic&lly the same as in any other fire-box boiler; the 
peculiarity lies in the fire box. The inner and outer fire-box plates 
are horizontal at the top, and the sides of the outer fire-box are 
continued so that the space above the crown sheet is i;ectaagular in 
section. The advantage of this coDBtruction is that the staybolta 
holding the crown sheets and side sheets can be placed at right 
angles to the sheets. This reduces the tendency to bending when 
under pressure. 




Wootten Boiler- In this type also, the fire box is the chief 
portion to be considered. The size of the locomotive fire box is 
limited. With older types the width was limited to less than 
three feet and the length to less than seven feet. This was because 
of the frames and the distance between the axles. By placing the 
fire box above the axles, the width was increased by an amount 
e(^nal to the thickness of the frames or about seven inches, and the 
length increased to about eleven feet. By raising the fire box still 
more and placing it above the driving wheels, the width can be 
still further increased. 

A broad, shallow fire box is required if anthracite coal is 
used. The Wootten fire box, shown in Fig. 30 and 31, is very 
wide and is placed on top of the driving wheels. Formerly, a com- 
bustion chamber was placed between tlie end of the grate and the 
tubes, but ae it was found to be unnecessary, it is not now used. . 
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Lentz Boiler. The object of tlie design shown in Fig. 32 is 
to avoid the use of stays. To do this no flat plates are oaed, ex- 
cept the tube sheets ami these are stayed by the tubes. The fire- 
box is in the form of a corrugated flue similar to those in inter- 
nally-tired, return-tube boilers. As this is circular it reqnirea no 
stays. The shell is circular and shaped as shown in the illustra- 
tion. This type has been much used in Europe, but a few have 
been built in this country. 

FIRE.BOX BOILER FOR STATIONARY WORK. 

The fire-box boiler, usually called the locomotive boiler, is 
often used for stationary work, traction engines, and for vessels of 
light draft. This type of boiler, slightly modified, is sometimes 




Pig 33 

used for generating the steam for heating buildings. It is econom- 
ieal and durable when used with natural draft. The chief differ 
ences in constrnction are larger tubes because of the draft, and the 
changes due to method of support. A common form is shown in 
Fig. 33. This type has been built in large sizes for high pressure. 
but when ao made is expensive. 
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PECULIAR FORHS. 
Rre>Ttibe Bollera, bat dHferlng from those described. 
Rctura Tubular as Stationary. Jkiilers of thu form bLowii 
in Fig. 84 resemble the locomotive, fire-box type, hut in addition 
have retnro tabes. The hot gases reach the uptake by means of 
these tubes instead of passing to the chimney from the smoke-box 
end. Thus they combine the advantageg of the iire-box type and 
the return. tube type without the brick fnrnace. The water sur- 
rounds the furnace on alt sides except the front. They are built 
in sizes from 12 to 70 horse-power. As Fig. 34 shows the con- 
Btmction so clearly, further description is unnecessary. 




Fi(t. 34. 

The Cochrane Vertical Boiler is nomewhat like the return- 
tnbe boiler in point of arrangement of heating surface. This 
boiler is shown in section in Fig. 35. The hot gaees pass from 
the furnace to the conihuetion chamber, then through the tubes to 
the uptake. The heating surface consists of tubeB and the plates 
of the tire box which is Burrounded by water except the bottom. 
The crown of the boiler and of the fire box, being hemiBpherical, 
require no staying. The hemispherical crown also allows a large 
steam space. The flat plates (the tube plates) are held together 
liy the tubes. 

The Shapley Boiler, shown in Fig. 30, may be called a 
return 'flue vertical boiler. The upper portion is a reservoir for 
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water and steam and the lower contains the lire box. The crown 
sheet of the lire box is stayed to the top by throagh Btaye. The 
hot gases from the fire rise Iq the fire box, pass through short 
horizontal tubes to an annular epace. This annular space is con- 
nected to the flue at the base by vertical tubes passing through 
the water space. 




This boiler has a large combustion chamber; the fire box is 
surrounded by water, and the crown sheet and tubes are removed 
from the intense heat of the fire. This arrangement increases the 
heating surface, allows complete combustion and results in a du- 
rable boiler. The base is partially filled with water so that any 
sparks carried over will be quenched. 

Robb-Mumtord. This boiler resembles the tbrough-tube 
internally-fired boiler (see Fig. 27) in that the fire is within a corrn^ 
gated fine and the tubes lead from this fine to the rear of the boiler. 
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The Hobb- Mum ford boiler coDsiste of two cylindrical dnims 
or shells, connected at each end by a neck. See Fig 37. The 
upper dram is a steam and water drum, the water level being at 
about the middle. The lower shoU ie larger and is inclined about 
one inch iQ twelve to JQcreaee the circnlation, and facilitate wash- 
ing out. In this lower shell is the corrugated flue containing the 
grate. The tire tubes 
nearly UlI the remaining 
portion of the shell as 
shown. 

The fnrnace, in ivhich 
the coal is bnrned, ie 
surroundedby water; the 
hot gases pass through 
the tubes to the rear, re- 
turn between the lower 
and upper shells and es- 
cape to the chimney from 
the front of the boiler. 
The steel casing keeps 
the gases in contact with 
the drums. The water 
circulation is shown by 
the arrows. The mix- 
ture of water and steam 
enters the upper drum; 
the steam here separates 
from the water which 
I pig_ 38 flows down the neck at the 

forward end. A semi- 
circular bafile plate directs this water around'the furnace to the bot- 
tom. The feed water enters at the rear of the steam and water drum. 
As compared with the multitubular boiler one can readily see 
that the drums can be made much thinner on account of the small 
diameter. The tubes are short, straight, and easily cleaned. The 
internal furnace does away with much of the loss from leakage. 
As the water is well subdivided, steam can be raised rapidly and 
there is little danger of a disastrous explosion. 
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Directum. The Begg's "Directum " boiler (Fig. 38) is, in 
brief, a horizontal, externally-fired, malti tubular boiler in which 
tubes condtict hot gases through the space behind tiie bridge. 



This boiler consists of ashell partly filled with 3-iiic'h tubes. The 
rear of the furnace Is a throat sheet in which -i-iiich tubes are ex- 
panded. The other ends are expanded into the rear end plate which 
la made large enough for the purpose. The boiler is encased in 
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steel plates lioed with fire brick which is held io place by rods 
p— ring through the notches as shown. Tim manhole for entering 
the boiler la }dftced in the front head instead of in the shell as is 
frequently done. 



WATER-TUBE BOILERS. 

The water-tube boiler differs essentially from the fire-tube. 
The names indicate the chief point of difference. In the fire-tube 
boiler, the tubes, which are surrounded with water, conduct the 
hot gases to the smoke box. In the water-tube, the tubes are filled 
with water, and the hot gases pasB over and among them on their 
way to the chimney. 

Although flue boilers and the tubular types were introduced 
at an earlier period than the water-tube, yet the last-named type is 
not a new form of steam generator. About a century ago, John 
Stevens inventofj a water-tube boiler and fitted it to a steamboat 
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This boiler (Fig. 39) was a combiaation of email tabes connected, 
at one end to a reservoir. Tfans the "porcupine" was one of the 
earliest forms. At varions times since then, many ideas hare been 
worked out both for marine and stationary boilers. Daring the 
last fifteen years, however, the water-tube boiler has been steadily 
growing in favor, the chief reasons being — the necessity of higher 
steam pressures, greater reliability of materials, greater skill in 
design and workmanship, and more intelligent management. 

It is not within the province ot this instruction paper to dis- 
cass the relative merits of lire-tube and water-tube boilers, but a 
careful, impartial consideration seems to show that as far aa econ- 




Fig. 39. StevenB Boiler. 
omy of running is concerned there is but little difference. The 
fire-tube boiler is reliable and can be handled by those possessing 
comparatively little knowledge of engineering. Its chief defect 
seems to be the disastrous results following an explosion. The 
water-tube boiler, on the other hand, is safe, and suited to higher 
pressures, but requires greater care in management. 

Before discussing these boilers in detail, let us consider 
briefly the salient points. 

Safety. Probably the greatest advantage claimed for the 
water-tube boiler is its safety. The boiler contains much less 
witer than does the flue or tubular boiler and the water is divided 
into small masses, thus minimizing serious results in case of rup- 
ture. On account of the shape and arrangement of parts, the 
circulation is usually good, and no part exposed to the fire can be 
uncovered while there is any water in the boiler. The tubes can- 
not become overheated until the boiler is empty and with an empty 
boilel* there caauot be a serious explosion. 
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Rapidity In Raising Steam. The many small streaoiB into 
wbich the water Ib divided as it pECsaes through the furnace greatly 
facilitate the absorption of beat. Because of the small streams 
and the rapid circulation, the water is converted into steam in a 
very short time. Several hours (usually five to seven) are re- 
quired to raise steam to working pressure in a tubular boiler, 
while in many water-tnbe boilers, st«am can be raised to over 200 
pounds pressure in less than half an hour. 

Durability. Most water-tube boilers are so designed that do 
seams are exposed to the fire or hot gases. The seams are the 
■ weakest part of a boiler, and as strains due to unequal expansion 
concentrate at such points, leaks or even ruptures are liable to 
occur. In the water-tube boiler, the joints between tubes and 
tube sheets are not \n the direct path of the hot gases. 

Loss of Heat. The loss of heat will evidently be reduced to 
a minimum if the heating sur- 
faces are such thatftlie beat read- 
ily passes through to the water. 
Tlie small diameter of the water 
tubes (3 to 4 inches) allows the 
use of thin metal which does not 
hinder the trsusmissioQ of beat. 
The rapid circulation in the 
water-tube boiler prevents the 
Fig. 40. accumulation of sediment which 

is a poor conductor of heat. 
Still further, dust and dirt does not readily collect on the convex 
surface of water tubes, but the inside of fire tut)es soon become 
choked with soot unless cleaned frequently. See Fig. 40. 

Less Weiglit. It is a well-known fact that a cylinder of large 
diameter must be much thicker than one of small diameter wben 
the internal pressure is the same. The thickness of the shell of a 
fire-tube stationary boiler is not excessive, because of the moderate 
diameter; but in the return-tube marine boiler, the shell plates for 
250 pounds pressure would be about Ig inches thick. The diffi- 
culty of working such thick plates and their great weight render 
the cylindrical boiler unsuitable for bigh pressures. The small 
tubes and drums of the water-tube boiler may be made quite thin 
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eveo for very hif^b presBures. In geDeral, it may be said that for 
the same capacity and presBure, tlie wt^ight of a waler-tnbe boiler 
is only about two-thirds that of a lire-tube. 

CLASSIFICATIONS. 

Many attemptB have heeo made to classify water-tube boilers. 
By some writers a clasBificatioo based on circulation, or on the 
principle of operation, is claimed, to be superior to any division 
according to construction. Therefore, they divide them into classes 
as follows — boilers with limited circulation; boilers with free cir- 
culation; boilers with accelerated circulation. 

In the first part of this Instruction Paper, is given a classifica- 
tion according to features of construction. Mo classiticatlon is 
altogether satiefactory because boilers overlap into other divisions; 
a water-tube Ixiiler maybe sectional, of the double-tube type, have 
horizontal tubes, straight tubes, and free circulation. In order to 
have some sort of classification, and as no discussion will be entered 
into regarding relative merits, the classification given ou page (i 
will be here adopted and followed as closely as conditions will permit. 

Water-tube boilers are divided into two great classes — hori- 
zontal and vertical. L'nder these heads come sectional and non- 
sectional, straight -tul>e and curved-tube, and single-tube and 
double-tube. If the tubes are nearly horizontal, such as is the 
case of the Babcock and Wilcox, Hoot, etc., the boiler will be 
called horizontal. If the tubes are vertical, or nearly so, as in the 
Wickes, Stirling, etc., the boiler will bo classed as vertical. 

Although most boilers can be classified as outlined on page 6, 
there are a few of such peculiar construction and arrangement that 
they must be placed by themselves under "Peculiar Forms." 
These are described without any further attempt at classification. 

Ab it is impossible to discuss all makes of boilers, a few rep- 
resentative forms will be considered as types of their respective 
classes. No attempt will bo made to choose any make as being 
the best, because many conditions must be considered in selecting 
a boiler. The boilers described, except in a few cases, are now 
used extensively in either stationary or marine work. 
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HORIZONTAL WATER-TUBE BOILERS. 

BABCOCK AND WILCOX. 

Water Tubes Neorty Horizontal — Steam and Water Drum Horizontal— 

5tralj:lit>Tube— Single-Tube— Sectional. 

Construction. This boiler eoDsists of a large number of lap. 
weldtxl, wrougbt-iron, 4-iDch tubes connected to each other and to 
a borizontal ateam and water drum. The arrangement of the parts 
ie shown in Fig. 41 which is a side 
view of a much-nsed form of this 

boiler. Eacbtubeisexpanded intoa 

forging of the form shown in Fig. 42. 

The tubes in a vertical row enter 
one piece and this vertical row is in- 
dependent of the others, as shown in 
Fig. 43. Thus it is readily seen that 
this is a sectional boiler. Fig. 43 
shows also the " staggered " arrange- 
ment of the tubes. In the back side 
of the front header, and in the front 
side of the rear header, holes are 
drilled into which are expanded the 
water tubes. Id the front side of 
the header a flanged hole opposite 
each tube is fitted with a hand-hole 
plate. The details of construction 

are shown in Fig. 44. The tope of Fig, i2. Fir. 13. 

the headers are connected to the 

steam and water drum by short tubes and the same construction is 
used for connecting the mud drum to the rear header. 

Operation. The grate is at the front end of the boiler under 
the higher end of the tubes. The hot gases from the fire are 
guided by division plates and bridges, so that after rising from the 
grate they pass between the tubes to the eotnbuation chamber, 
which is uuder the steam and water drum; the gases then pass 
downward among the tubes, and after rising a second time pass off 
to the chimney. In this way, the direction of the currents of hot 
gases is at all times almost at right angles to the tubes, thus im- 
pinging upon theiu instead of passing parallel to the heating but- 
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faces, as in the esse of fire tubes. Ab the gases impinge three times 
agaiDBt the staggered tubes, the heating surface is very efticient. 

Circulation. The feed water enters the steam and water 
drum through the pipe showa in Fig. 4^. It 's thus heated be- 
fore it mixes with the hot water in the boiler. As the water in 
the tubes becomes heated, it rises to the higher end where it is 



Fig. 44. 

partly converted into steam; a colunin of water and steam rises 
through the header to the drum in which the steam and water 
become separated. The cooler water at the rear of the steam and 
water drum flows down into the lower end of the tubes and as it 
becomes heated rises. Thus there is a continuous circulation. 

Steam is taken from the rear end of the steam and water 
drum. The solid matter in the water is not deposited on the tubes 
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becauBe of the rapid circulation; it falls to the mud drum from 
which it is blown out. 

The marine form of this boiler Lhs a cross drum, that is, the 
drum is at right angles to the tubes instead of |)arallel to them. 
It is Bimilar in form to the cross-drum types used for stationary 
work. This form is used in case there is not sufticieDt head room. 

ROOT. 

Water Tubes Nearly Horizontal— Steam and Water Drums Horizontal 
—Stratght-Tube— Single-Tube— Sectional. 

The above brief outline indicates ihat the IJoot water-tube 
boiler is, in its main fealures. like the liabc«K'k and Wiicox. Ic 
fact the difference is in detail 
of construction only. Fig. 40 
shows the general appearance 
when a part of the brickwork 
is removed. It will he seen that 
there is a large steam drum 
(cross type) at the top in addi- 
tion to the small steam and 
water drum over each section. 

Construction. Tlie Root 
water-tulw boiler is composed 
of 4-incl) lap-welded wrought- 
iron tubes. These tubes are 
expanded into cast iron headers 
as shown in A, Fig, 4o. A ver- 
tical section is formeil by [ilac- 
ing one pair u]>on aiiotlier as 
shown at B, Fig. 45. One tulje 
of each jiair is connected to one 
above it by a Hesible l>end, by 
means of which is obtained an 
uninterrupted circulation from 

the bottom to the top of the pic. 45 

section. A metallic ]>acking 

ring (see (!, D, and E, Fig. 4.">| insures a tight joint bt^tween the 
bend and the header. F, Fig. 45, shows an enlarired end of a bend. 
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To form the boiler several of these vertical sections are placed 
side by side. These vertical rows are not rigidly connected becaase 
the lower tubes being nearer the tire expand more than those above. 



Circulation. . Each section has its overhead drum into which 
the water and steam is discharged from the tubes. At the rear 
of the boiler and at the end of each steam aod water drum, a ver- 



byGoogle 



TYPES OF BOILERS 51 

[ical pipe leads to a cross drum beneath; this dram is a common 
reservoir for all the sections. The feed water enters this drum 
and meets the hot water coming from above. The mixing of the 
water resalts iu a temperature which prevents aDy trouble from 
unequal expansion. The cross drum (reserroir) is also connected 
bj vertical pipes to another drum which is below and parallel to 
it; this is the mud dram. From the feed reservoir, the mixture 
of feed and circulating water descends to the mud dram in which 
the solid impnnties are left. The circulating water then flows 
from the top of the mud drum into the lower end of the tubes. 
As these tubes are surrounded by hot gases, the water becomes 
heated and rises through the tubes to the steam and water drums. 
This heated water contains bubbles of steam which leave the water 
and collect in the steam drum. The water fiowe through the steam 
and water drum and descends to meet the entering feed water. The 
water level is at about the middle of the steam and water drumB. 

The hot gases from the fire pass among the tubes three times in 
practically the same manner as in the Babcock and Wilcox boiler. 

WORTHINOTON. 

Water Tuboi Nearly Horizontal— Steam and Water Dram Horizontal 
—Straltl>t-Tube—SlD|:le-Tnbe— Sectional. 

Construction. This form of boiler is much the same in prin- 
ciple and operation as the Babcock & Wilcox boiler, but the parts 
are differently proportioned and arranged; see Fig, 47. The fur- 
nace extends under the entire boiler, and the tubes are set over it 
close together in oppositely inclined series. No Same walls or 
baffle plates are used. 

Boilers up to 135 H. P. are usually made to fire at the end as 
shown in Fig. 47, in which the tubes extend across the furnace 
viewed from the front, and the steam and water drum is at right 
angles to the tubes. In the sule-fired boilers the tubes extend 
from front to back, and the steam and water drum from side 
to side; this arrangement is better adapted for large units and for 
setting in battery. The tubes of each vertical row are expanded 
into straight headers which contain seven or eight tubes. See Fig. 
48. Opposite each tube is a hand hole. These headers are ar- 
ranged close together, forming the boiler enclosure, 
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Circulation, The feed water enters tlie steam and water drum 
and the circulation carries it dowu to the mud drums through 
large eirculatiog tubes which are outside of the furnace. See Fig. 
4S. From the mud drum it enters the lower series of headers and 
rises through the inclined tubes over the fire into the up[)er headers. 



Pig. 48. Fig. 49. 

The water now containing bubbles of steam enters the steam and 
water drum by means of short tubes shown in Figs. 47 and 48. 

The covering for this boiler is an iron casing, no brick lieing 
used except to enclose or line tlie furnace, 

HEINE. 

Water Tubes Nearly HorlzonUI— Steam and Water Drum Parallel to 

Tubes— Straight-Tube— Slngle-Tube— Non-Sectional. 

Construction. The Heine water-tnbe boiler is not a sectional 

boiler. Instead of being expanded into small headers groufwd to 

. form a boiler, all the tubes are expanded into the inside plates of 
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a water leg at each end. The constractioD of this water leg is 
shown in Fig. 60. It is composed of two parallel plates flanged 
and riveted to a butt strap. The plates are strengthened by short 
hollow screw stays similar to those used in the water-leg construe- 
tion of fire-box boilers. At the top, the water leg is cnrved and 
joined to the steam and water drum bj riveting. Opposite each 
tube is a hand hole for cleaning or replacing a defective tube. 

Circulation. The feed water enters at the front of the steam 
and water drum and flows into the mud drum B, from which it 
passes to the rear header with much less velocity. The water is 
warmed while passing through the pipe leading to the mud drum, 
and as it flows slowly through 
the mud dmm it deposits its 
sediment. The accumulated 
sediment is blown off by 
means of the blow-off pipe 
N. The water, as it becomes 
heated in the mnd drum, 
rises and passes to the front 
of the mnd drum, from which 
it flows in a thin sheet to 
the rear of the steam and 
water drum and to the rear 
water leg. From the rear 
water leg, it enters the tubes 

in which it is partially converted into steam. The mixture of 
steam and water enters the higher end of the drum from the 
water leg, and as there is but a thin layer of water in the steam and 
water drum, the steam readily rises through it. A deflection plate 
prevents water from being carried to the perforated steam pipe A. 

The flow of hot gases from the fire is directed by light tile 
placed OD the upper and lower rows of tubea as shown in Fig. 51. 
The hot gases flow nearly parallel with the tubes instead of across 
*hem as in the £abcock and Wilcox. 




Water Tubes Nearly Horizontal— Steam and Water Druma (Cross 
Type) Horizontal— StralKht-Tube—Sincle-Tube—NoD-Sectlonal. 

This make of water-tube boiler does not need a full descrip- 
tiuD u Figs. 62 and 53 show both the general arrangement of 
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parts and the details o! water-leg construction. The general de- 
scriptioD of tlie Heine boiler is applicable to this type. A few 
points of difference, however, should be pointed out. 

Tliere are three drams running croeswisa the tubes. The 
front and rear drums are made of the same plates as the water 
legs. This ie shown in the illustrations. The reasons for this 
method of construction are that it gives a " throat " area of about 
80 per cent of the area of the leg and prevents all seams from 
coming in contact with the furuaco gases. The two drums are 
connected on the water 
line by equalizing tubes. 
In the rear drum, a water 
purifier receives the feed 
water which passes down 
the rear leg, then through 
the tubes to the front leg. 
In the last portion of the 
tubes, much of the water is 
converted into steam which 
flows through the front 
drum and the superheating 
tubes to the small upper 
drum. The water tiowa 
through the equalizing 
tubes to the rear drum and 
joins the current of feed 
water. 

T-L » . ■ Fig- ^■ 

ibe front drum is 

made 36 inches in diameter, the middle drum 24 inches, and the 
rear dnim 42 inches. The tubes are 4 inches in diameter and the 

longest are 18 feet in length. 



Water Tubes Nearly Horizontal— Steam and Water Drums (Cross 
Types) Horlzontal—Curved-Tube— Single-Tube— Non-Sectional. 

The chief differences in ap|)earance between this boiler and 
those already described are shorter tubes, making a more compact 
boiler, and the curred tubes. This type is more often used in 
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marine than in stationary work. Ttie boiler consiBtB of a large 
steam and water drum connected to a smaller water drum by 
slightly ciirvBd tubes. The flt«am drum is supported by two large 
circulating pipes (one at each end) which are connected by other 
pipes to the water drum. ThvlB the circulation is down these pipes 



Fig. 54. consists of two 
parallel dotted lines in the 



Fig, 55. 

and along the pipe at the liottoin (see Fig. 55), up to the water 
drum and from thence to the steam drum by the tnl)es which are 
in contact with the hot gases. 

The feed-water heater, shown 
small drums connected by tiil>es, Tli 
steam drum of Fig. 54 show how 
tubes are removt^l and replaced. 
Fig, 55 shows the row of plugs for 
this purpose. These plugs are 
illustrated in Fig, 56. Each plug 
is a conical-headed bolt, having a 
short piece of copper tube, a 
washer, and a nut. The conical 
head and the copper tube are inserted in the hole until the washer 
is in contact with the outer surface of the drum. The nut Is then 
screwed up, thereby flaring the end of the copper tubing as shown. 




Fig. 56. 
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The steam preBsare on the conical bead increases the tightness of 
the joint. 

THORN VCROFT-nARSH ALL. 

Water Tubes Nearly Horizontal— Steam and Water Drum (Cross 

Type) Horizontal— Curved-Tube— Slnxfe-Tube—Non-Sectlonal. 

The Thorn j-croft- Marshall noii -sectional boiler consists of a 
large horizontal steam and water drum, a vertical water box or 
header, and the generating tubes. Like the Mosber, the tubes are 
curved slightly, bnt the header is a distinct difference. 

The general features of constrnction are shown in Fig. 57. 
The steam and water drnin. sometimes called the separator barrel, 
is simply a cylinder with 
dished ends. The water level 
is about one-third the diam- 
eter of the cylinder. The 
tubes, which are 3^ inches in 
diameter, are connected in 
pairs to a junction box at 
one end and to a water box 
or header at the other end. 
Thnseach pair forms a unit, 
bnt the two tubes of tbe unit 
are not in the same vertical 
plane. The up|)er tube en- 
ters the header as high as pjg jg 
possible and the lower ones 

enter low down, thus giving considerable upward slope. From 
near the top of the water box, three rows of tnbee lead to the sep- 
arator barrel as shown in Fig. 58. The water box is very simple, 
the flat plates 'are stayed by short hollow screw stay-bolts. The 
junction boxes are not restrained in any way; this construction, 
combined with the slight curve of the tubes, allows free exftan- 
sion. The slight curve also allows the tubes to enter the separator 
barrel and the water box at right angles so that they may be 
expanded in place. 

Circulation. The feed water enters the steam and water drum 
and then passes to the water box through the two lower sets of tubes. 
See Fig. 58. The water enters the lower ends of the various paira 
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of tabes, as showa in Fig, 58, and rises in the tubes while in con. 
tact with the hot gases from the ftirnace. The inixtare of steam 
and hot water then enters the. header from which it passes to the 
Bt«am and water drum hy means of the highest row of tnbes. The 
difference in height of the two tubes of a unit insures good circa- - 
lation. A badle plate prevents the water from splashing to the 
steam pipe. 

The hot gases pass upward among the tubes which cross so 
frequently that they take almost all the heat from them. 

NICLAUSSE. 



This boiler differs essentially from those already described in 
that it is of the douhle-tuhe type. In general, it consists of a 
number of elements which form a vertical header, to which tubes 
are connected. The tubes are set at an angle of about 6 degrees 
to the horizontal. Above the elements is a transverse steam and 
water drum which is in communication with the headers. The 
general arrangement of parts is shown in Fig. 59. 

Construction. The interesting features of this type of boiler 



Pig. ea 

are the design and conatruction of the tubes and headers. To 
increase the circulation the principle of the "Field" tube is em- 
ployed. In tliLB coiiKtriiction, the outer, or generating, tubes (3J 
inches in diameter) are closed at one end. Each generating tube 
contains an inner circulating tube which is Ij^ inches in diameter. 
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This tube ia open at both ends. Tbe closed ends of the generating 
tubes are supported by resting in holes in a plate or rack at the rear 
of the boiler. The forward end of the circulating tube is attached 
to a cap which screws into tbe outer end of the generating tube. A 
recess in this cap provides a bearing for an arch bar which spans two 
tubes, beeps them in place, and is itself secured by a nut on a bolt 
which is screwed into tbe header. See Fig. 00. 

Tlie front end of the generating 
tubes is of peculiar Bhaj>e, To 
allow the water to enter the Circu- 
lating tubes, and to fasten the 
tul)es to the header without ex- 
panding them, cmih generating 
tube is provided at the open end 
with two cone-sliaped portions; 
these are about eight inches apart. 
The first cone fits into a taper 
hole fianged outward in the front 
face of the header, and the sec- 
ond cone iits a similar hole in the 
rear face of tlie header. IJoth the 
holes and tnl)es are ground to 
the same size and tH[»er. Al>out 
midway between the cones, a 
third exj)anded ]>ortion occupies 
tbe tube hole in the diaphragm 
or middle plate of tlie header. See 
Fig. 60. The portion of the tulw 
within the header is called the 
"lantern". At this point the 
Pig. 61. tube is cut away so that water may 

freely enter the tube, the openings 
being above and below. In Fig. 60, the upper tube is in its nor- 
mal position, but the lower tube has been turned through 90 
degrees to show the construction. 

To stand high steam pressures, the elements of the headers 
are made of wrought steel and are sinuous in shape. Fig. 61 
shows the shape of the header and the positions of the tubes. 
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Each elemeot coDtaiDS 24 tubes in two vurtical rows of 12 each 
Id the middle of the headers, there is a diaphragm for diriding 
the interior. The front pasef^ servee ae a "doWDComer" for the 
water, and the rear ia the " upcomer ", or riser, for the mixture of 
Bteam and water. 

The lower ends of the headers are closed, and the upper ends 
flanged to connect with the steam and water drum, which is 42 
inches in diameter. 

Circulatioii. Fig. 60 gives an idea of the direction of cir- 
culation. Water from the drum descends in the front compart- 
ment of the header, flows into the circulating tubes, ichicA 
communicate with the front compartment only, and after flowing 
the length of the circulating tubes, enters the generating tubes. 
The water then comes back through the annular spaces in the gen- 
erating tubes to the rear compartment of the header, because the 
t/enerafin^ tuf/es communicate irlth the rear com.partment only ; 
while in the annular space it is partially evaporated. The mixtare 
of steam and water then rises to the drum. 

VERTICAL WATER-TUBE B0ILER5. 

WICKES. 

Water Tube* Vertical— Straight-lube— Single -Tube— Non-SecHonal. 

Let UB now consider a water-tube boiler having vertical tubes. 
Fig. 62 shows the general arrangement of the parts of the Wickes 
vertical water-tnbe boiler. At the top is a cylindrical steam and 
water drum into which tlie upper ends of the vertical tubes are 
expanded. At the bottom is a cylindrical mud drum of the same 
diameter as the upper drum. The tubes are straight and plnmb 
when in position; they are arranged in parallel rows with a clear 
space between rows to admit a small hoe to remove any soot that 
may accumulate on the tube sheet of the mud drum. 

The tubes are divided into two compartments by heavy fire- 
brick tile. The tubes in the section next the furnace are called 
"risers"; those in the rear are the " downcomers," because the 



heated water rises to the steam drum tbrongh the front tubes, and 
the cooler water flows down those In the rear. The feed water is 
introduced into the upper drum. The direction of flow of hot 
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gases U the same as that of the water. A baffle plate in the steam 
and water drum directs the water to the downcomers. 

The furnace is external and built entirely of brick. The hot 
gases from the fire come in contact with the tubes without passing 
through a combustion chamber. 



Annular Steam and Water Drum— Water Tubes Vertical— Stralg^it - 
Tube— Sinsle-Tub«— Non-Sectional. 

The Cahall vertical water-tube boiler consists of an annular 
steam and water drum, a cylindrical mud drum, and 4-inch vertical 
tubes. The generating tubes connect these two drums and are 
placed within the brick setting. An external circulating pipe also 
connects the two drums. As this pipe is filled with comparatively 
cool water and the generating tubes with a mixture of hot water 
and steam, the circulation is positive and rapid. The feed water 
enters the steam and water drum, flows down the external pipe to 
the mud drum and then rises in the generating tubes to the steam 
and water drum. 

The fire is in a brick furnace at one side of the boiler as 
shown in Fig. 63. The hot gases rise among the tubes. The an. 
nular form of the steam drum makes the central space-conical; in 
this space several deflecting plates, or baffles, cause the hot gases to 
flow out among the tubes. After heating the water in the tubes 
the hot gases pass through the opening in the steam and water 
drum coming in contact with the metal containing the steam 
This thoroughly dries the attiam and in many cases slightly super 
heats it. 

The steam drum and also the mud drum are equipped with 
swinging manheads. The steam drum also has several handholes 
for use in removing and replacing tubes. 

STIRLINQ. 

Water Tubes Nearly Vertical— Steam and Water Drums HorlzonUl— 
Curved-Tubes— Singie*Tube—Non-Sectlonal. 

The Stirling boiler, shown in Fig, 64, consists of three cylin- 
drical steam and water drums at the top, and a mud drum at the 
bottom. The lower drum is connected to the upper drums by 
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three flets of tubes wbicli are curved sligbtly at the ends. The 
curved tubes allow for eKpansioa and make it poasible to have the 
tubes enter the drums radially. 

The feed -water enters the rear steam and water drum and 
coming in contact with the hot gases just before tbey enter the 
uptake, becomes gradually warmed. This heating causes moat of 
the sediment to fall to the mud drum from which it may be blown 
out at intervals. The mud drum is protected from the intense 
heat of the furnace by the bridge wall. 

Each set of tubes are separated from the others by partition 
walls or baffles of fire-brick tile so that the gases from the furnace 
pass along the entire length among the first set of tubes; they are 
then guided downward among the second set and after rising again 
among the tubes of the third set, escape to the chimney. Ity thus 
having a long passage a large proportion of the heat is taken from 
the gases before they go to the chimney. The fire-brick arch just 
above the furnace insures an even distribution of the gases and 
promotes combustion; the arch heats the entering air to a high 
temperature, thus reducing the liability of chilling the tubes by an 
inmsh of cold air. 

Steam is taken from the middle drum which is set a little 
higher than the others in order to obtain more steam space and 
drier steam. The boiler is surrounded on the rear and two sides 
by the brick setting; the front is of cast iron or of pressed steel. 
Numerous openings in the brickwork allow entrance for cleaning. 

This type of boiler is flexible and adapted to cramped places 
as it can be made broad with little height or high with small floor 
area. All parts are either cylindrical or spherical in shape and of 
wrought metal. The curved tubes reduce the strains resulting 
from unequal expansion and contraction. 



Water Tubes Vertical— Steam and Water Drum Horizontal— Curved- 
Tube— Sing le-Tu be— Non-Sectional. 

This boiler {Fig, 65) is in many respects similar to the Stirling 
(Fig. 64), but an inspection of the two illustrations will show 
several differences. In the Hilne boiler there is but one steam 
and water drum and the tubes are vertical with a slight carve at 
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the ends. Tlie hot gaees are guided by division plates or tile bo 
that they traverse €>5 feet of ttibe-heatiiig surface before they enter 
the flue. The tubes, being vertical, do not become covered with 
fine ash, nor do they become clogged with sediment and scale.. 

Circulation. The feed water enters the row of tubes at the 
extreme left and flows downward to the mud drum. It then rises 
as it becomes heated in the hoteet generating tubes and enters the 
steam drum as steam and water. This method of feeding keeps 
the cold feed water out of the steam drum, and as the cold tubes 
containing the feed are placed in the path of the escaping gases, 
bjit little heat escapes to the chimney, 

PECUUAR F0RM5. 

HAZELTON OR PORCUPINE. 

Water Tubes Horizontal— Steam and Water Drum Vertical— 
StralKlit-Tube— Single-Tube. 

The Hazelton water-tube boiler differs in many wajrs from 
the boilers thus far described. Like most water-tube boilers it 
consists of a steam and water 
drum and water tubes, but 
the central standpipe is ver- 
tical and the short horizon- 
tal tubes radiate from the 
central drum. According to 
our classification it is not a 
vertical water-tube boiler be- 
cause the tubes are horizon- 
tal, also, it is not a horizontal 
boiler as in general appear- 
ance it is vertical. 
Fig. 67, The grate is circular and 

formed around the central 
drum which rests on a circular caat-iron foundation. Above the 
grat«, the central drum forma part of the heating surface and is the 
steam reservoir; below the grate it is the mud drum, which may be 
entered by means of a manhole just below the grate. As shown 
in Fig. G6, the standpipe above the fire is provided with radial 
tubes. The appearance of these tubes gives the name "porcupiue". 
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The Btandpipe is about three feet in (llanieter for large 
boilers. Tlie tubes are about four inches in diameter, and two 
and one-half feet long, tlie number varying with the capacity of 
the boiler. The outer ends of the tubes are closed and hemis- 
pherical, and the inner ends expanded into the standpipe. These 
tubes are free to expand and contract without bringing any strain 
on the boiler. 

Steam is taken from the top of the central drum. To get dry 
steam, small pipes are iiiseited as shown in Fig. ti7. The steam 
passes up into the small tulie at the top of the atandpipe and 
then through the small pipes to the ends of the generating tul)es. 
It then flows back through the generating tul>es to the annular space 
and from thence to the steam pipe. The feed pipe enters the mud 



Fig. 68. 

drum and extends upward nearly to tlie water line; it then returns 

nearly to the level of the grate, terminating in a spraying nozzle. 

This type of boiler may be enclosed in a brick setting as 

shown in Fig. (>f> or by a sheet steel covering lined with fire brick. 

HARRI50N. 
Sectional— Hollow Cast-iron SpherM Instead of Tubes. 

All boilers thus far described have employed tubes as a means 
of dividing the water into small masses in order to make the beat- 
ing surfaces more effective. In the Harrison Safety Boiler (Fig. 
69) tubes are not used; instead, the water is contained in hollow 
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cast-iron spheres, called UDits. These units, see Fig. 68, are 
arraiigwl in vertical rows, called slabs'; which are suspended side 
hy side, about one inch apart, from an iron framework. The 
brickwork setting is merely a covering to keep the hot gases in 
contact with the units; it does not support the boiler, and can be 
repaired without disturbing the units. 



Fig. 69. 

The use of units in plac'e of tubes combines great strength 
and 8 large heating surface. They are strong because small and 
spherical and on account of the division of the water into small 
masses, the heating surface is effective. The units are held to- 
gether by long bolts which pass through the centers as shown in 
Fig. fiS. The irmchined faces make a steam-tight joint without 
packing. Tliia boiler requires the same fittings as other boilers. 

The great advantage of this boiler is safety. From the con- 
struction, it is apparent that rupture cannot extend beyond the 
unit; thus disastrous explosions cannot occur. They are claimed 
to be durable, economical, rapid steamers, and easily handled. 
The capacity can be increased by merely adding more slabs. 
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BOILER ACCESSORIES 

PART I 



BOILER SETTING 

The setting for a stationary boiler consists of the foundation and 
as much of the furnace and flues as is external to the boiler shell. Some 
intemally-fired boilers — the "Lancashire," for instance — have flues in 
the brick setting. The whole furnace and sometimes the flues, as is 
the case with the plain cylindrical boiler, are in the setting. Vertical 
boilers have simply a foundation; and locomotive boilers have no 
setting, since they are supported by the frames of the engines. Marine 
boilers are usually placed on saddles, which are built into the framing 
of the vessel. 

In setting a boiler, there are three principal r^uisites that should 
be kept in mind : 1. Astable support or foundation for the shell, so 
arranged as to allow for proper expansion of the boiler. 2. Properly 
arranged spaces for both furnace flues and ash-pit. 3. A covering 
which will prevent loss of heat by radiation, and which will not allow 
moisture to accumulate in contact with the plates. 

There are two principal methods for support — by brackets 
riveted to the shell plates, and by suspension from overhead girders 
by means of hooks, rings, etc. In any case the supports should be 
so arranged that each shall bear its proper proportion of the load and 
at the same time allow for expansion. If the boiler is short, brackets 
are generally used ; while for long, plain cylindrical boilers the girder 
method is the more common. If a very long, cylindrical boiler is 
supported only at each end, the great weight between the two sup- 
ports is likely to cause bending and an excessive strain on the middle 
plates, tension in the bottom plates, and compression in the top plates. 

The flrst requisite for a setting is a good foundaiion. If the 
ground is firm and favorable to a solid foundation, the excavation 
nee^be only three or four feet below the level. If it is soft, the exca- 
vation should be deeper, and tlie extra depth filled in with broken 
stone mixed in with cement, gravel, etc. ; or, for very heavy work, 
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piles may be driven. The first course of the foundation should be 
large stones laid in cement; upon this stonework the walls may be 
built, either of stone or brick, to within about six inches of the floor- 
level; and above this, brick should be used. 

Sometimes the bed is made of concrete about two feet in thick- 
ness. If the soil is very fimi, a foundation of large stonework about 
three feet wide may be built under the side, middle, and end walb only. 

In detennining the area of the bed, the wei^t that is to be put 
on each square foot should be estimated carefully. With ordinaiy 
condition of the soil, this should not exceed 2,000 pounds. For 
greater weights, special construction must be used. 

The supporting and enclosing walls are built upon the foundation, 
with the outer walls at the sides and rear double, the space between, 
usually about two inches, being an air-space insulation to prevent 
loss of heat. Projecting bricks, which extend from the outer until they 
just touch the inner wall, allow for expansion without decreasing the 
strength of the inner wall. The side walls are strengthened by buck- 
stays or binders, which are kept in place by long bolts, secured by 
nuts on each end. Fig. 1 shows a boiler in the brick setting, sup- 
ported by brackets, the front brackets resting on iron plates which 
are built into the walls; the rear brackets, being supported by rollers, 
are free to move as the shell expands. If designed for anthracite 
coal, the distance between the shell and the grate-bars is about two 
feet; for softer coal, this distance isincreased afewinches. 

The furnace is lined with firebrick, both front and sides ; and 
sometimes portions back of the bridge, as well as the bridge itself, 
may thus be prote<'ted. The space between the bridge and t\\e shell 
is from 6 to S inclies, which brings the hot gases into close contact 
with the boiler before they enter the combustion chamber beyond, 
the rear and side walls being built a little higher than the top row of 
tubes. The fire-line must not be carried above the water-Une; if it 
is, the intense heat is likely to injure the shell-plates. Never expose 
any part of the boiler not coverecl by water to the flames from the 
furnace. The side walls are built about the same height as the rear 
walls. The space at the rear is bridged over and stiffened by T-irons. 
In order to increase the heating surface, the top is arched so that the 
hot gases will pass over the steam space before they enter the chimney, 
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The smoke box projects over the front end of the boiler and has 
a rectangular uptake. 

F^. 3 shows the top view of the same boiler. 

The front is usually of cast iron, with doors for firing and cleaning 
and for access to the tubes. Soot, dirt, etc., are removed through the 
door in the brickwork at the rear. 

The end which contains the handhole should be set about one 



Fig, t. Frout ElevfttloQ of Boiler In SeltlnK. Showlog Binders Bolwd In 






■%■ . 



inch Unoer than the odier end, so that tlie setlinient und detached scale 
will tend to accumulate there. 

Internally-fired boilers may als<i be enclosed in brickwork. The 
setting is a support and covering, forming the side Hues but not the 
furnace. Excess of brickwork surface in contact with the shell, 
should be avoids!, as brickwork collects moisture, which causes 
external c 
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Water-Tube Boilers. The settings for water-tube boilers are 
amilar to tbe settings of cylindrieal tubular boilers. Marine waler- 





Ftg. 4. 

Types of Bmche 
In Flff. -1 ttieriveia are all nbovi 



the nautre: Iti Fig. G Hiejr ai 



tube boilers are enclose<l in sheet-iron casing, which 
conducting material, usually asbestos or m agnesia. 
Supports. There are, as already intimateii , two 



Bvr 



methods 

s of brackets; 2. By suspending 



of supporting boilers— 
from wrougki-iron beavis. 

If the boiler i^ about 15 feet long, it is customary to use two 
brackets on each side. If more than 15 feet, three on each side are 
used. The front brackets rest on the brickwork, but the others rest 
on small iron rollers to allow for expansion. Brackets are so arranged 
that the plane of support will be a little above the middle. There are 
several forms of brackets. The form shown in Fig, 4 is usually made 
of cast iron, and is provided with rivets above the flange of the bracket. 




Fig. 6. Fig, 7. 

Tivn Meihixlrt of Supporlliift Hoil.rs by Suspandlug from OTerhead Beams. 

It is better to have the rivets both above and below the flange, as shown 
in Fig. 5, 
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Fig. 6 shows one method of suspending from beams. A lug, 
mitde of wrought iron, is riveted to the plates of the boiler, A bolt 
having one end bent like a hook, holds the lug from the beam. In 
Fig. 7 the lug is replaced by a loop of wrought iron. Fig. 8 shows 
another method of suspension, the connection between the rod and 
the boiler-plates being short pieces of boiler-plate arranged for flexi- 
bility. 

When the boiler is of small diameter, it may be suspended as 
shown in Fig. 9. 

FURNACES 

To get the maximum efiiciency from any boiler, it is necessary 
that the fuel shall be properly consumed, and that the proportions 
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FI3. e. Flexible Support for Suspended Bailer. Fie. e. Illustrating Method of Suspend- 
Fleiibllliy Secured by means of Two log Boiler of Small Dlaroeier. 

Pieces of Boller-Plat« Bolted 
Together. 

of the furnace shall be such as to give the maximum results. No 

boiler is economical the furnace of which is so small that the Are has 

to be forced to obtain the desired result. The furnace, of course, will 

vary in shape, size, and detail with the type of boiler and the kind of 

fuel; but certain essentials^ — such as doors, grate-bars, bridge, and 

fish-pit — are similar in all furnaces. To obtain the maximum effi- 
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dency of combustion, there should be a uniform and abundant supply 
of air to the under side of the grate. This is ea»ly obtained when the 
boilers are externally fired, but may be somewhat restricted when they 
are internally fir«d. If smoky fuels are used, a moderate supply of 
air is necessary on the surface of the coal, to prevent excessive smoke 
formation; but, as the air thus admitted is usually cold, the quantity 
should be small, to prevent unnecessary cooling of the furnace. This 
air is generally supplied through a draft-plate in the Grenloor. 

All possible radiation should, of course, be prevented. In the 
case of internally 'fired boilers, this radiation is not likely to be exces- 
sive, for most of the heat would have to pass through the water in the 
boiler before radiating, and it is a comparatively easy matter to encase 
such a boiler in some sort of approved lagging which will prevent 
most of the heat from escaping. The case is somewhat different with 
the externally-fired boiler, where the furnace is built in a mass of 
, brickwork below the boiler. In such a furnace a considerable amount 
of heat may radiate directly from the fire without coming in contact 
with the boiler or water at all. 

Ta allow for complete combustion, there should be a sufficient 
space between the grate and the boiler. In externally-fired boilers, 
this space may be approximately two feet. If this distance is increased 
beyond proper limits, some effect of the heat will be lost; and if the 
distance is small, the plates are likely to be damaged, and complete 
combustion impaired. In the internally-Bred boiler, the combustion 
space is frequently sacrificed in order to obtain a large grate area. If 
the space between the grate-bars and the boiler 'is too small to allow 
complete combustion, a combustion chamber must be provided 
immediately back of the bridge, which will permit of the complete 
combustion of the gases. The ideal place, of course, for the combustion 
chamber, is immediately over the grate. In locomotive boilers, the 
crown sheet is usually four to six feet above the grate; but such a 
height is manifestly impossible in marine or other internally-fired 
boilers, and the combustion chamber behind the bridge wall, in the 
Scotch boiler, partially compensates for the loss of space immediately 
over the grate. 

The incandescent fuel and unconsuraed gases should not come 
in conUict with the cold surfaces of the boiler if the most efficient com- 
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bustion is desired. This condition is violated in internally-fired 
boilers, where the fire comes directly against metal having water on one 
side of it. If the flame is chilled by. contact with cold surfa<;es before 
the gases are completely burned, a considerable amount of smoke is 
likely to result. 

The fire-grate should be of such dimensions that the fireman can 
work efficiently. A grate more than six feet long cannot be properly 
taken care of at the farther end ; and if the grate is more than four 
feet wide, two fire-doors should be provided. The height of the grate 
should be laid out with proper reference to the floor, two feet above 
the floor being about right. If the grate is high, it is difficult, if not 
impossible, to tend the fire properly. These conditions are dependent, 
not so much uf>on the boiler, as upon the physical limitations of the 
fireman, and of course are eliminated by using the mechanical stoker. 

To the above conditions may be added a suitable temperature in 
the fire-room. No man can tend a fire properly in excessive heat. 
In stationary work it is not difficult to maintain proper conditions in 
the fire-room; but at sea, where the supply of air is necessarily limited 
to what can come in through small openings, it is a different problem. 
The fire space on board ship is small ; and the air coming through the 
ventilating ducts usually makes an exceedingly cold spot immediately 
under the duct without producing much effect in other parts of the 
room. 

Door. The furnace door is usually made of cast iron, and is 
supplied with a circular or sliding draft-plate or grid, which admits 
air to the top of the fire as needed. It is usually protected by a per- 
forated, wrought-iron baffle-plate bolted to the door casting inside, 
with an air-space of two or three inches between. This not only 
protects the cast iron of the door from the direct force of the flame, 
but it forms a chamber for the proper distribution of the air-supply, 
and also helps to heat it somewhat before reaching the furnace. 

In many of the French torpedo-boats, a patent swinging door is 
provided, set on horizontal hinges swinging inwards. The door, 
of course, must be held open while the stoker is tending the fire; but 
in case a tube blows out, it prevents the rapid escape of steam into the 
fire-room. This is a matter of much more importance in the restricted! 
fire-room commonly found on a vessel than it would be on land. 

Grate. The size of grate will depend upon the quantity of coal 
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likely to be bumed. For ordinaiy draft, this may be 15 lbs, or upward 
per square foot of grate surface per hour; for forced draft, 40 to 60 
lbs. ; and jn some cases as much as 100 lbs. per square foot of grate 
surface has been bumed. If the grates are long, they are usually 
inclined slightly downwards, say I inch,to the foot, which is a great 
assistance in firing and makes it easier to keep fire on the farther end 
of the grate.* The grate-bars are usually made of cast iron, as this 
material is cheaper than wrought iron and in most instances lasts as 
well. The bars are made in various forms, according to the fuel 
bumed and the shape of the firebox. 

For large grates, the bars are made singly or in pairs. For 
smaller grates, they are made in larger groups. Grate-bars should 
not be more than three feet in length. The length of grate can easily 
be a multiple of the length of these bars. The bars have distance 
pieces at the ends, and perhaps in the middle, to prevent distortion. 
They are usually 3 inches or more in depth at the middle, tapering to 
perhaps an inch or so at' the ends; and the cross-section is slightly 
tapered from top to bottom, so that the bars can easily be withdrawn 
from the sand after casting. They are usually made a trifle shorter 
than the place in which they fit, to allow for expansion, 2 per cent of 
the length of the bar usually being sufficient for this purpose. The 
air-spaces between the bars are usually about i inch in width. For 
burning pea coal or screenings, a finer grate must be used. For 
anthracite coal, the space may be a little larger. Bituminous coal, 
which readily cakes, can have a considerable space l>etween the bars — 
and this, indeed, is essential for a proper supply of air. 

Fig. 10 shows a circular grate, such as is placed in a vertical 
boiler. M shows the style of grate-bar used in burning sawdust or 
shavings; N is what is known as the herring bone grate; and O is a 
group of bars of the ordinary form. In locomotives, and in boilers 
where the grates are subjected to extra hard usage, wrought-iron bars 
may be used. The point of fusion of wrought iron being higher than 
that of cast iron, the former would possess a considerable advantage 
were it not for the fact that wrought iron will bend and twist more 
readily than cast iron. Grates have been made of hollow bars, 
through which wafer is caused to circulate. By this method their 

• Ttas gTBtes have an Incline ot a fen incheK. so that the bed of coal wlU be tblcker 
St the rear tban al tbe front: tbls allowa a more even conaiiinptlon of foel. a» tbe alf 
paueB tbrougli tbe Are al tbe bridge more freely. 
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durability is increased, and the waler-grale forms a fairly good feed- 
water heater. This type of grate, however, is expensive. 




Fig. 10. Types c 



■, orShavinir 
of Grate- Bi. 



r-Clruiilar Ornw tor Vert; 
r^:-A'--HerrluBB..ne"Ur 

u[ Ordinary Form. 



Rocking Grates. The labor of breaking tlie clinkers is con- 
siderable when ordinarj' fixeti grate-bars are used; and to economize 
this labor, various forms of rocking-grates have l:»ecn devised. In 



Fig. n. ■■KelleySIandiril" Rocking Gnie. 

locomotives, rocking-grates are essential; and since the rnte of enm- 
bustion is high, the iire must always be kept in good condition; and 
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the grate, being beiow the cab floor, cannot easily be reached by hand. 
Fig. Jl shows the "Kelley Standard" rocking grate. Each bar is 
made up of a number of separate leaves, which can be removed and 
replaced without renewing the whole bar. ^\^len the bar is moved 
back and forth by means of a lever outside the brickworii, the leaves 
oscillate through a small angle and break up the clinkers. 

Another form of bar, shown in Fig. 12, has proved veiy satis- 
factory. A and B are two bars, the ends of which are of diflfereot 
depths. These rest at each end on a crank-shaft C. Aa this is 
oscillated by the lever G, fbe alternate bars move up and down, and the 
clinkers are easily shaken out. 

Bridge. The bridge is a larf^ wall or partition at the back of the 




F\e- IS. Rockloa Qrate CoOBlHllnft o( AlUtmate Bftrs with EDdn ol Dlirerenc n^plbn 
Rasilng on & Cruik-Shatt ObcI1IbI«i1 by a Lcvn. 

grate, usually built of firebrick or cast iron, or of ordinary brick 
covered with firebrick. The bridge separates the grate from the com- 
bustion chamber, and causes the gases to come in close contact with 
the boiler in passing into the combustion chamber. The proper 
height of the bridge will depend upon the draft. If the space is nar- 
row between the bridge wall and the boiler, more draft will be neces- 
sary to cany the gases through. Two or more bridges may sometimes 
be built in long boilers to keep the gases in contact with the shell as 
long as possible. 

Special Furnaces. Almost any furnace is adapted for the use of 
anthracite or bituminous coal containing less than 20 per cent of 
volatile matter; but if there ts more than this amount of volatile 
matter, the heat is likely to be so intense that the fire should not be 
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brought in direct contact with the boiler. If the fuel should contain 
40 per cent of volatile matter, the furnace should be surrounded with 
firebrick and should have a high combustion chamber. Coal is the 
most common fuel used ; but wood, sawdust, and straw are not uncom- 
mon fuels. When these are burned, there should be plenty of room 
in the furnace, and a sufficient supply of air on top of the fuel. Saw- 
dust, shavings, and fine coal may be blown into the furnace by an air- 
blast. 

In the West, crude petroleum is becoming a common fuel. Ex- 
periments have shown that one pound of crude oil is equivalent in 
heat units to something less than two pounds of good coal. Oil has 
many advantages as a boiler fuel. It is clean, ^ves a uniform heat, 
is economical, and requires much less attention than coal. There are 
no ashes to handle, and one man can easily tend two or three times 
the number of furnaces that he could if burning coal. The fire can 
be started and stopped instantly; and the supply of air can be so r^u- 
lated that, unless the boiler is forced to the limit, there will be prac- 
tically no production of smoke. Whether or not oil Is an economical 
fuel, will depend upon the local conditions and the market. 

Oil fuel is fed into the furnace through a sprayer formed, in 
some cases of two concentric conical tubes. Compressed air or 
steam entering through the one tube draws the oil throu^ the other, 
on the principle of the atomizer, and throws it into the furnace in a 
fine spray. For marine work, compressed air should be used, as the 
loss of steam for this purpose would be a matter of considerable 
consequence. Steam, however, is sometimes used in marine work, 
in which case the vessel must be equipped with an evaporator to 
make up the steam thus lost. On land, where fresh water is plenty, 
steam is usually preferred, and is less expensive in first cost. 

Prevention of Smoke, In lai^ cities, where the escape of con- 
siderable quantities of smoke is undesirable, several methods have 
been devised either to consume the smoke or to prevent its formation. 
The cause of smoke, as we have seen, is an insufficiency in the supply 
of air, or perhaps a too abundant supply of cold air above the fire; 
or, again, smoke may be due to the contact of the flame with cold 
surfaces. An exceedingly high temperature is necessary to consume 
the finely divided particles of carbon, and anything that tends to chill 
the flame will cause smoke. 
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The actual loss caused by the escape of smoke, even when it 
is dense and black, has been found to be slight, and usually the appli- 
ance used for prevention costs more than is saved. The alternate 
firing of two furnaces which open into a common combustion chamber, 
or the alternate firing of two sides of the same furnace, produces a 
slight gain if the proper amount of air is admitted. But if, in order 
to bum the smoke, the bed in one furnace or on one side of a furnace 
is allowed to become thin, there will be no gain in efficiency. 

The introduction of steam is an efficient method, but it is likely 
to cause a too rapid rate of combustion. 

Another arrangement to prevent the escape of smoke is that by 



which the coal is distilled in a small furnace which is separate from the 
boiler. The coke and gases thus made are burned in the furnace of 
the steam boiler. This device is not altogether satisfactory, on account 
of the loss of heat from the detached furnace. Rather than add any 
smoke-prevention device, antliracite or coke may l>e used instead of 
bituminous coal. 

Many engineers and business men consider a good fireman to be 
the best smoke preventer. 
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Down- Draft Furnaces. In order to increa% economy and 
capacity, or to prevent smoke, a down-draft furnace is sometimes 
used. In this type of furnace, there are two grates, one a foot or more 
above the other. Fresh coal is fed to the upper grate, and, as it 
becomes partially consumed, falls through to the grate below, where 
the combustion is completed. The draft is doumward through the 
upper grate, and upward throu^ the lower, because the connection 
to the chimney is from the space between the grates. The volatile 
gases are carried down through the bed on the upper grate, and are 
burned i n the 
space below it, 
where they meet 
the hot air drawn 
upward from the 
lower grate. A 
lai^ proportion 
of the air for com- 
bustion enters the 
door at the upper 
grate. Tests on 

"Pig. 14. tJppei 

nace show that 30 """ "^ Vi.ioi.^-ci"Eiii.*"i^wBo-iter: 

to 45 pounds of coal per square foot per hour can be burned with good 

results. 

In the furnace made by the Hawley Down-Draft Boiler Com- 
pany, the grates are formed of a series of water tubes opening at the 
ends into steel drums, shown in Figs. 13 and 14, which are connected 
with the boiler. Fig. 13 shows this furnace attached to a horizontal, 
multitubular boiler. It may be applied to both tiibutar and waier- 
Ivbe boilers with good results, and is advantageous to boilers of insuf- 
ficient healing surface, and when inferior fuels are burned. It is 
claime<l that this attachment insures complete combustion, small 
amount of ashes on account of the second grate, good water circula- 
tion, and increased economy and capacity. 

The Hollow Arch. Among boiler accessories specially adapted 
for use on locomotives Weause of their intense draft, the hoHow areh 
has recently come into prominence. Its principle is simply that of a 
conduit providing a passage for the admission of heated air to the 
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firebox above the fire, in a^ldition to the air that comes up through 
the grate from below in the onlinary way. Its object is to keep the 
supply of oxygen at all times sufficient in quantity, and at the proper 
temperature, to insure a practically perfect combustion of the uncon- 
sumed carbon and hydrocarbon gases which are ordinarily wasted and 
lost in the form of black smoke pouring from the stack. It thus 
insures an economy of fuel and a proportional reduction in operating 
expense. 

The problem of securing complete combustion of fuel on a loco- 
motjve, is one that presents peculiar difficulties. The quantity of 
fuel to be burned is so large, and the firing space relatively so small, 
that the conditions usually are unfavorable for ec<<nomical combustion. 
A ton of average bituminous coal contains iibout 1 ,000 pounds of pure 
carbon, 700 pounds of hydrocarbon gases, and 300 pounds of non- 
combustible matter or ash. The 1,700 pounds of carbon and hydro- 
carbons Tcquire about 300,000 cubic feet of air for their complete 
combustion. In the ordinary method of burning coal on a loco- 
motive, fully 90 per cent of this air — ov 270,000 cubic feet per ton of 
fuel burned — must be drawn up through the grate-bars and firebed. 
This is practically impossible without forcing the draft to such an 
extent that the fire will be pulled off the grates, and more or less of the 
unbumed coal carried away through the flues and stack. The result 
is that the supply of air actually used is, as a general thiiig, insufficient 
for perfect combustion, and the combustible ctirbon smoke and gases 
pass out of the stack without giving up all of their heat to the water 
in the boiler. The energy they contain is simply wasted. 

How, then, can this be prevented f In other words, since the 
quantity of air that comes through the grates is insufficient, how can 
we get enough air to the fuel without interfering with the fire? It 
must be let in above the fire; but it will not do to admit cold air, which, 
as eveiy fireman knows, would act as a damper on the fire, retarding 
combustion, and increasing rather than preventing smoke and loss 
of energy. The air to be admitted to the fire must first be heated to 
as near the ignition point as possible. 

This is done by means of the hollow arch. One of these arches 
of the "Wade-Nicholson" type, installed on a locomotive, is illustrated 
in Fig. 15, the method of operation being clearly indicated. The 
device may be installed at both back and front ends of the firebox 
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The hollow passage through the arch leads directly through suitable 
openings in the firebox sheets, from the outer air to the combustion 
chamber, being deflected downward toward the fire at the inner end. 
The walls of the arch, being highly healed, impart their heat to the cur- 
rent of air, which, as it 
emerges into the firebox.is 
practicallyal the tempera- 
ture of ignition. There 
mingling directly with the 
combustible gases, an ap- 
proximately perfect com- 
bustion is established. 
The resulting economy in 
fuel is estimated to aver- 
age a saving of at least 8 
per cent. 

The Chicago & North- 
western Railway, has, 
after severe test, adopte<i 
arehes of the above type 
on over 200 of its locomotives; and its example has been followed on 
many of the locomotives of the Santa ¥€, the Chicago, Milwaukee & 
St. Paul, the Pfere Marquette, the Duluth & Iron Rangf, and other 
important railroads in this country. In addition to the saving in 
fuel, the following advantages are claimed for the hollow arch: 

Bring air-cooled, its life ia two to three limea that of the ordinary aoiid 
I)rifk arch. 

It does away with the smoke nuiaaDce. 

The air, being heated berore atriking the combuBtible gaeea, unites with 
them instantly, giving a brighter, cleaner, more intense fire, and resulting 
in a better steaming engine. 

The back arch acts as a bafHe-sheet, protecting the crown aheet and 
upper flues, and gives a more uniform distribution of heat throughout, re- 
sulting in less leaky flues and a saving in boiler repaira. 

The arch can be used either with or without water-filled circulating 
arch tubes as supports. 

Arches can readily be removed and reset, in whole or in part, without 
damage, to give acce.ss to flues when repairs are needed. 

Fuel Economizers. Many devices have been employe^l whereby 
a portion of the heat may be extracted from the gases as they pass 
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from the boiler to the uptake. Most of these consist of a tubular 
arrangement through which the hot gases pass; but, as these are soob 
covered with a thick deposit of soot, they quickly become inoperative. 
The "Green" economizer (Rg. 16) solves this difficulty by means of 
small scrapers which work up and down between the tubes. These 
scrapers are operated by a small engine, and keep the tubes free from 
soot. The feed-water is pumped through these tubes on its way to 
the boiler, and is thoroughly heated. An economizer of this sort will 
extract 40 per cent or more of the heat from the waste gases; but by 
reducing the temperature of these gases, the draft is somewhat reduced, 
and either the chimney must be built higher, or a blower must be 
used. 

Mechanical Stokers. The mechanical stoker, which feeds coal 
and tends fires by machinery, is coming more and more into general use. 
With a good mechanical stoker, one man can tend several furnaces 
with little labor. There are several d-fferent types, and in most of 
them the coal is fed into a hopper of such size that it need not be often 
filled. Some stokers worit continuously; others, only when thrown 

into gear by the 
fireman. In the 
"Roney" stoker 
(Fig. 17), the 
grate-bars ex- 
tend across the 
furnace, and 
form a series of 
steps down 
which the fuel 
moves. Each 

PlB, .7. Dewll o( "Bone," Mechanical 8tok«r. S^^, ^^ '^ '>^'"K 

on pivots at tti; 

ends, and is operated by a rocker-bar. This rocker-bar is driven by a 
small steam engine, with a slow, regular reciprocation which causes 
the grate-bars to tip so that the coal of it.<> own weifrht slides from 
one grate-bar to the next. Coal from a hopper falls onto a hori- 
zontal plate, and is fed into the top of the grate by a piw/ter. The 
rapidity with which the fuel can be fed, is regulated by changing the 
stroke of the pusher and by governing the speed of the engine. Ashes 
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and clinkers collect on the dumping-grate at the end of the grate-bars, 
whence they can be dumped into the ash-pit. 

This type of grate is well adapted for smoke prevention, for the 
fresh fuel fed in at the top is rapidly coked, and the volatile gases are 
easily consumed. The rapidity of feed should be so regulated that 
no unbumed fuel gets past the dump-grate. If the fire becomes too 
thin, there will be a loss of efficiency due to the excess of air which 
passes through the burning fuel. It is easy to detect the loss from 
too much fuel, but not so easy if there is too littJe fuel. 

All mechanical stokers in which the movable parts are inside tlie 
furnaces, are likely to get out of order because of the heat and dirt. 

Fusible Plugs. Fusible plugs are usually inserted in the top 
sheet or crown sheet of boilers, as a safeguard against collapse of the 
furnace crown-should the water in any way be drawn out of the boiler 
while the fire is burning. These plugs consist of a core composed of 
an alloy of tin, lead, and bismuth, with a covering of brass or cast 
iron. The United States inspection law requires at least one fusible 
plug to be put in every marine boiler, with the exception of water- 
tube boilers, the plug to be made of a bronze casing filled with good- 
quality "Banca" tin from end to end. While this plug is kept at a 
comparatively low temperature by water on one side, the fire on the 
other side will not melt it; but when the water-level becomes low 
enough to leave one end of the plug uncovered, the alloy core of the 
plug, having a comparatively low melting point, will fuse, thus running 
out of its casing, relieving the pressure in the boiler, and allowing the 
excess of steam to extinguish the fire, which otherwise would be likely 
to destroy the crown sheet. 

Fusible plugs are frequently unreliable. Sometimes they will 
blow out when there is no ap]>arent cause, and sometimes remain 
intact when the plates have become overheated. If a coating of hard 
scale is allowed to accumulate over the plug, it may stand consider- 
able pressure, even after the core has become melted. To provide 
against this, the plug should be replaced frequently. If allowed to 
remain in the boiler for any length of time, the composition of the 
alloy is likely to change, the plug thus becoming more or less unre- 
liable. 

Figs. 18 and 19 illustrate the ordinary plug. It should be so 
made that, when screwed into the crown sheet, it will project IJ or 
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2 inches above the plates, so that when the alloy melts there will be a 
sufficient depth of water over the crown sheet to prevent injuiy from 
heat. 

Sometimes the core is covered with a thin copper cap, as shown 




Fig. 18. Fusible PluB. At 

Orerbeatlug ol 

in Fig. 18, which protects the alloy from contact with the water, thus 
preventing a chemical change and the formation of scale. It does 
larily follow that a hole i inch or J inch in diameter will 



KlR. I». lUustritlne Action ot Fusible Plug AttaohWl to Crown Sheet. 

liberate sttam fast enough to prevent exces.? of pre.s.surc. If a small 
quantity of steam is introduced into the firebox, it may have the 
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effect of brightening t)ie fire and increasing the heat of combustion, 
owing to the formation of water gas as the steam mingles with the 
burning coal. The steam, moreover, rai^t have the effect of inducing 
additional draft. If, however, the quantity of escaping steam and 
water is considerable, combustion will be retarded, and the fire will 
be partially extinguished. It will operate to warn the fireman of 
what has happened ; and if the escape of steam is not too rapid, he 
may throw on wet ashes and deaden the fire. 

NATURAL AND FORCED DRAFTS 

The draft in a chimney is caused by the difference in wei^t 
between the volume of heated gases inside and the outside air. This 
being so, it is apparent that the taller the chimney, the greater this 
difference will Ije. The force or intensity of a draft is increased, and 
additional draft is induced, by the force of the wind as it whistles by 



Fig. SO. ■■Eamas Dtllereutial" Drart-Qauge. 

the chimney top. The intensity may at any time be measured by a 
draft-gauge. The most satisfactory instrument of this sort is the 
"Eames Differential" draft-gauge, shown in Fig. 20, The tube is 
filled witli a special non-drying, non-evaporating oil of known specific 
gravity. The incline and diameter of the tulie are so proportioned 
that the readings are etjuivalent to inches of water, in which terms 
the draft is invariably measure<l. 

Other things l)eing equal, the rate of combmstion depends upon 
the height of the chimney, A chimney 20 to 25 feet in height will 
cause a draft sufficient to bum atxnit 8 lbs. of coal per s<]Uare foot of 
grate area per hour. If the height is increased to about 100 feet, 
the rate of combustion will lie increased to approximately 1 5 lbs. per 
square foot; and to burn 25 lbs., the chimney should be about 175 
feet high. This is measured above the grate of the boiler. For good 
bituminous or anthracite coal, the chimney must !«; higher than for 
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wood, if the same rate of combustion is de^red. If the boiler has 
small or winding passages, the chimney must be higher to produce 
the same effective draft. High chimneys are costly; and it is fre- 
quently the practice to build two or three small chimneys in place of 
the big one, and to supplement them with some form of forced draft. 
By means of forced draft, the rate of fuel combustion can be 
increased under favorable conditions to 100 lbs. of coal per square 
foot of grate surface per hour. This, of course, greatly increases the 
power of the plant, but is likely to injure the boiler, and is uneconomi- 
cal under most conditions. There are three systems of forced draft 
in common use: 

1. Tlie closed stoke-kold, as used in marine work; 

2. The closed ask-jtit; 

3. The induced draft. 

Closed Stoke-Hold. One uf the most common forms of forced 
draft, especially as used on warships, is obtained by closing tbe stoke- 
holds and blowing a fresh supply of air into the fire-room. This gives 
an exceedingly good ventilation and keeps the fire-room in good con- 
dition; but its chief objection is that when the furnace doors are 
opened there is a tremendous indraft of cold air, which tends to lower 
the efficiency of the boiler. If this system is employed, the bulk- 
heads adjacent to the boiler-room must be provided with double doors, 
forming an air-lock between. By opening only one door at a time, the 
pressure in the fire-room is not lost. This system seems to possess 
but one distinct advantage, and that is coolness and therefore comfort 
for the firemen; but the ilisadvantage of the inrush of air to the 
furnaces- when firing, is sufficient, in some cases, to make the system 
questionable. 

Closed Ash-Pit. The essential features of forced draft by this 
method consist merely in closing the ash-pit tight, and blowing the air 
directly under the grate. When the fire's are cleaned, the draft, of 
course, must l>e shut off; otherwise the flames will be blown out into 
the fire-room. The fire-room, under this system, is likely to be 
hotter than by tlie other metho<l ; but this system would seem to be the 
better from a mechanical point of view. 

There are several patente<l <!evices in connection with the forced 
draft, of which die "Howden" an<l the "Ellis and Eaves" systems 
may be specially mentioned. It may l)e worth while to note tliiit if fuel- 
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<ril IS burned, any one of these systems of forced draft will work better 
than with coal, for the fire can be tended without opening the fire- 
doors. 

Induced Draft. Perhaps the most common example of induced 
draft is to be found in thi locomotive, where the exhaust steam is 
turned into the smokestack. The rush of tuis steam up the stack, 
by canying a large volutne of air with it, induces a tremendous draft. 
Induced draft may also be obtained in stationary and marine plants 
by placing a blower in the chimney or stack. In marine work, of 
course, induced draft by exhaust steam is out of the question. When 
a blower is placed in the smokestack, an economizer should be used, 
so that the gases may be cooled before they reach the blower. The 
draft obtained on locomotives is frequently equivalent to a column 
of five or six inches of water; while a forced draft of two inches is 
usually considered large, except for torpedo-boats, which may have 
as strong a draft as a locomotive has. 

Howden System. The Howden system of forced draft with 
closed ash-pit has been used to a considerable extent in both mer- 
cantile and naval service. The air supplied to the ash-pit is first 
heated by passing through a heater in the uptake. Waste gases pass 
through tubes; and the air, passing among them before entering the 
furnace, is heated to a high temperature. A consumption of 60 lbs. 
of coal per square foot of grate is easily obtained with this system; 
and care must be taken that the fire is not forced too hard, as there is 
more danger of burning out the grate than if the air-supply is not 
heated. 

Ellis and Eaves System. Heating the air docs not necessitate its 
being forced into the closed ash-pit, for it is quite feasible to heat the 
air in connection with draft induced by an exhaust fan at the base of 
the funnel. Such is the Ellis and Eaves system. This system was 
first tried in the boiler shops at the works of the John Brown Company, 
in Sheffield, England, and was later adopted on many ves.^'ls. The 
Ellis and Eaves heater is fixed on top of the boilers, and is divided 
into two parts separated at the front by a smoke-lx>x and at the l)ack 
by a funnel. The hot gases, therefore — winch pass outside the tubes — 
have to take a somewhat circuitous course; while the passage of the 
air to be heated, on the contrary, takes a direct course. The dis- 
tribution of air to the ash-pit is similar to that of the Howden system. 
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Tlic advantaffrs of this system lie in the general convenience of the 
induced liraft and the absence of Jets of hot air shooting out into 
the boiler-room. The draft need not be shut off when stoking the 
fires, unless it is desired to prevent the inrush of air already referred to 
under the general discussion of "closed stoke-holds." The air in the 
fire-room being of a relatively higher temperature than would obtain 
with closed stoke-holds, and the tjuantity being much less, this objec- 
tion has no great weight. With the Howden system it is necessary 
that the doors should be tight; otherwise hot air will be blown out 
into the fire-room. With this system a few leaks are of no conse- 
quence, and the fire-room will be somewhat cooler than with the 
Howden System. The objections to the Ellis and Eaves system are 
tht se inherent in any system of draft induced by a fan — that is to say,, 
a poor efficiency of the fan working in heated gases, and lost work in 
drawing air through tortuous passages. 

Steam Jets. Steam jets may be used for inducing a draft. They 
may be placed either in the smokestack, or below or above the grate; 
but in general they are not so economical as a fan used for the same 
purpose. In locomotives and fire-engines, where the exhaust steam 
is at high pressure, an intense draft may be induced by exhausting 
this up the smokestack. In both these cases, the saving of weight 
due to the use of a small boiler running at high tension, is of greater 
practical importance than the economy of fuel; and for such purposes 
this arrangement is entirely satisfactory. 

A steam jet may be used directly in the furnace, either above or 
below the grate. The steam enters through a small pipe, and ex- 
pands through a nozzle surrounded by an annular, funnel-shaped 
tube. The escape of steam from the inner nozzle draws in a lai^ 
volume of air through the outer tube, and produces an intense draft. 
If steam is blown into the ash-pit in this manner, it forms a sort of 
producer giis by mingling with the incandescent fuel, and materially 
aids in the combustion of cheap and apparently worthless fuel. Al- 
most as poor fuel can \>e successfully used with this arrangement as 
can be used in the grates of the down-draft furnaces. Such arrange- 
ments have given excellent satisfaction, and the production of smoke 
is materially lessened. 

Some tests made in the French Navy some years ago, showed 
that, with the use of the steam jet above the grate, the coal con- 
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nimption per square foot of grate area could readily be doubled ; 
but this result would be attain©! at the expense of fuel economy; 
for, while with natural draft one poumi of coal produced approxi- 
mately eight pounds of steam which could be used by the engine, 
with a steam jet less than 6 J pounds of steam per pound of coal was 
available for Lke purposes. The total evaporation per pound of fuel 
was approximately the same in each case, the difTeo-nce being the 
quantity of steam used in the jet. If a .steam jet is used on board 
ahip, it consumes a considerable amount of fresh water, which must 
be replaced by evaporators, or by the use of salt 
water, which is decidedly objectionable- 

TUBE-CLEANERS 

To secure the best results from a boiler, the 
tuljcs should be kept thoroughly clean. The collec- 
tion of soot on the tul)es is as detrimental to 
economy as the formation of boilerscale. The soot 
may be removed by the insertion of brushes when 
the boiler is not under steam, or the tuU's may 
lie blown out with a steam jet designed for tliis 
purpose. Fig. 21 illustrates forms of lulw-clcancr.s, 
of which there are numerous t}'pes on the market. 
The tjpe shown at B is de- 
signed for use with a steam 
jet. In the case of oil-burn- 
ing locomotives, the tubes 
are usually cleaned with the 
aid of a sand-blast. 

TUBE-STOPPERS 

when tubular boilers are under pressure, that leaks occur in the 
tubes through pitting, defective welding, or tlie development of 
cracks. Formerly, when this occurred, the fire was drawn, and the 
ends of the tulw plugged with hardwood bungs driven hard home or 
with iron plugs calked in. With high pressures, such procctlure is 
impossible. Tulje-stoppers used for high pressure are joine<l to- 
gether by a tie-bar of some sort. They are usually wedge-shaped ; and 
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the tie-rod, passing through the stopper at one end, with a plug at the 
other end, can be screwed hard up. 

The simplest form of stopper has to be inserted from the rear, and 
necessitates drawing the fire; but Fig. 22 illustrates a stopper which 
can be inserted without drawing the fire. At the end of the rod is 
hinged a folding bung, which can be passed through the tube and 




Fig. i2. Tubu-Stopper DeslgueU for Insertion withont DniwlDg Fire. 

which opens out in the combustion chamber before being pulled into 
position. At the smoke-box end .of the boiler, an india-rubber 
washer, pressed between two pieces of metal, affords temporary 
protection while the plug is being put in position. The stopper can 
then be screwed up tightly with a handle provided for that purpose. 
Fig. 23 illustrates another arrangement which can be inserted 
in the leaky tube without drawing the fire. The ends, being in the 
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form of stuffing glands, pres.? an asbestos packing hard against the 
mde of the tube. 



Screwed Up. tba Asbesuta Piwklii|{ Is Drivau Hard against Side •! Tube. 

MANHOLES AND HANDHOLES 

A manhole allows access to the boiler for cleaning and repairs. 
It is usually elliptical in form and large enough to admit a man. 
About 16 inches for the major axis, and 
12 for the minor axis, is a good size. 
The manhole is closed by a plate or 
I cover made of cast or wrought iron. 
This plate is held to the seat by a yoke 
- or yokes, and bolls. Fig. 24 shows one 
form, Y being the yoke, L the cover, 
&nd'N the bolt. The joint between 
the cover and the shell is made steam 
tight by packing. 

The strength of the boiler should 
always remain unimpaired ; so, when- 
ever a large hole is cut in the plate, 
the edge should be strengthened, for 
MMibuiH Cover. jj,g tcusion 13 conccntratctl there, and 

the plates are, moreover, likely to become weak by corrosion. The 
strain put upon the plate by screwing up the cover, if no packing 
is used, is considerable, especially if a piece of scale gets between the 
faces and the joint is then made ti^^t. 
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Fig. 25 shows the section of a strong and simple manhole. The 
edge of the plate is strengthened by a broad ring of steel, which is 
flanged and riveted to the sheil, its edge forming tlie seat. The cover 
as shown in the figure is shaped for strength. The edge of the ring 
which forms the seat, and the cover, are machined^to make a tight joint 
nithout packing. The strengthening ring should be at least f inch 
thick and 4 inches wide, that the rivet-holes may not be too near the 
edge. 

HandhoUs and mudkcUs are more commonly placed in boilers, 
which are so constructed that a man cannot enter — in a vertical boiler, 
for example. They are used to some extent in other boilers; in 
horizontal return-tube boilers there is usually a handhole in each end, 




>u of a Strong but Simple Type of Manhole. 
near the l>ottoni. Handholes are very convenient to admit hoae for 
washing out the boiler, also for removing scale and sediment. Hand- 
holes are similar to manholes in construction, but require only one 
yoke and one bolt to keep them in place. Mudholes should be pro- 
vided in order that the sediment and detached scale can be removed 
without lifting the accumulated mass to the top manhole. Mudholes 
and handholes greatly facilitate cleaning the fire-box water-leg of 
locomotive and small vertical boilers. 

STEAM AND VACUUM GAUGES 

The steam pressure in the boiler is measured in pounds per 
square inch. When we say the boiler is working or steaming at 80 
pounds' pressure, we mean that the gauge pressure is 80 pounds; that 
is, the pressure in the boiler is 80 pounds above aimoapkeric pressure. 
It could be measured by a water or mercury column; but, as these 
would need to be very high to measure the pressures used at the present 
day, they are not practicable, and so a spring-pressure gauge is used 
instead. 

The dial gauge, now used almost universally, was invented by 
M. Bourdon. It is designed in accordance with the principle that a 
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flattened, curved tube closed at one en<I tends to become straight 
when subjected to internal pressure. 

The tube, which is usually oval in section, is bent into the arc 
of a circle as shown in Fig. 26. One end is fixed, and is in com- 
munication with the boiler. The other 
is closed and free to move. By means 
of levers, a cun'ed rack, and a pinion, 
(he motion of the free end is mvltijdied 
and indicaied by a needle, which is 
attached to- the pinion. The needle 
moves over a dial which is graduated 
to agree with a mercury column, or 
with a standard gauge. The back-lash 
of the levers is taken up by a hair 
spring. Fig. 27 shows the interior and 

face of a Bourdon steam gauge manu- 

■liaicM^^^sureTJBour."" f^ctured by the American Steam Gauge 
Company. 

Fig. 28 shows the exterior and interior of a steam gauge with 
a ii^t tube for low pressures; the face of the dial is graduated corre- 
sponding to the mercury column. The only difference between this 
gauge and the vacuum gauge, is that in the latter the curved tube is 




PIS.M- SMain-Ptlled CuTred Tub« 

■-llcatlna Pressure In Bour> 

dOQ Steam OauKP. 




Fig. IT. Interior Mecbknlmn, and Dial, at "b&ne" Type or Steam Oange. 

turned in the opposite direction so that the needle will move clockwise 
with a decrease of pressure. 
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On account of the jarring, the gauge for locomotives must be 
very strong. To prevent excessive vibration of the needle, two short, 
stiffer springs are use*!, as shown in Fig. 29. 




Fig. 28. Iat«rlor Mecbnnlsm. nnd DlaL ol Low-pressure Stearo Gauge. 
Sometimes two pressure gauges are fitted to a lx>iler, one indicating 
the working pressure, and the other graduated to al>out twice the work- 
ing pressure. The latter is useful in testing the boiler under water 
pressure, and also serves as a che<;k on the other. The pipe which con- 
nects the pressure gauge to the boiler should have bends in it near the 
gauge. These bends — or, better, a coil pipe, as shown in Fig. 30 — 




Fig. 39. Steam Gaug< 

PrevpQted by Use 

are fillet! with water, which transmits pressure and keeps the spring at 
a nearly constant low temperature. Gauges should be placed where 
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the water in the coiled pipe will not freeze; also, the gauge should 
not be exposed to strong heat. In order that the gauge may be 




removed from the boiler for examination, repairs, or calibration, 
when the boiler is under pressure, the connection should be provided 
with stop-cocks. 

In a batfeiy of boilers, each should have iu pressure gauge, which 
should be connected directly to the boiler, twrf to the steam pipe, 

WATER OAUOES 

It is of great importance that the level of the water in the boiler 
can easily be ascertained at ail times. Should the level be too low, 

there is danger 
o f overheating 
the furnace plates 
or tubes. • If it is 
too high, there is 
likely to be an 
undue amount of 
priming. The 
water-level is 
usually indicated 
by gauge-cocka 
or tiy-cocks or 
water gauge- 
glasses. Some- 
Pig. »i. Ordinary Form of Try-Cock lor DelermlnliigWiiifir- times a float is 
Lsvel In Boiler. ■ i i , - , 

provided, which 

is connected to a small whisde, and if the water-level falls below a 
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Fig. 81. Try-Cock Operatea by Ueam 
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certain point, an alarm is soutided. Such a device can readily be 

used in conjunction with the ordinary water-gauge. 

Try-Cocks. Try-cocks are very generally used. They are of 
widely different 
forms, and may 
be either like the 
general type 
shown in Fig. 31, 
which is the ordi- 
nary 1 o c o m o- 
tive form, con- 
structed in two 

parts so that they can be separated for the purpose of repacking 

without detachment from the boiler; or 

they may be of the lever type shown in 

Fig. 32. There are usually three cocks, 

one at the highest desired water-level, one 

at the lowest, and one midway. More 

cocks may, of course, be used if desired. 

The water-level can be determined by 

opening the cocks in succession and ob- 
serving whether dry steam or hot water 

flows out. If the boiler is encased in 

brickwork, as is customary for externally- 
fired boilers, the gauge-cocks are placed 

outside the brickwork, and are connected 

to the boiler by nipples of the proper 

length. 

Qauge-Olasses. In order that the 

fireman may know the water-level wUKmii 

trying the cocks, a water gauge-glass is 

used. It consists of a strong glass tube 

about one foot in length, having the ends 

connected to the boiler by suitable fittings. 
As both ends of the tube are in com- 
munication with the boiler, the water-level ^^_ ^ a Good Type of w.«r 

in the glass will be the same as in the G»ug&<}iasB. 

boiler, and is always in sight. Fig. 33 shows a good form of gauge- 
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glass. The glass is protected by rods which are parallel to it. As 
the glass frequendy needs cleaning, repacking, or renewing, cocks 
are provided for shutting off communication with the boiler. A 
drain-cock is also placed at the lower end to empty the glass when the 
attendant wishes to ascertain whether the glass is working properly 
or not. The drain-cock is often provided with a drain-pipe. The 
steam and*water passages should be at least one half-inch in internal 
diameter. 

The glass is likely to break because of accident or of changes in 
temperature. To prevent serious injury to the fireman and 1oh.s of 
water as a result of the 
breaking of the g»ugc- 
glass, automatic valves 
may be place<l in the 
passages. In Fig. 34 
the ball-valve is shown 
in detail. If the glass 
breaks, "the pressure of 
the steam drives the 
ball outward, filling 
the conical passage. 
^Mien a new glass is 
put in, the balls are 
forced back by slowly 
screwing in the stems. 
This, like other safety 
devices, Is very likely 
not to work when it 
should. 

In boilers where the steam space is small, as in locomotives, the 
allowable variation of water-level is slight; but the greater care with 
which the glass is watched makes up for the small margin of safety. 
If dirty water is used, or if the water foams, the level in the glass will 
be unsteady an<i unreliable, since dirt clogs the passages, unles.s they 
are largo, and the foaming causes a fluctuation of the water-level. A 
small pipe connecting with the steam space where no ebullition occurs, 
will insure a steadier water-level. If the steam an<l water connectiom 
are long, the pipes should be made large. 
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The chief objection to the gauge-glass — namely, its breaking — 
may be to some extent overcome by attaching the gauge-glass to a 
(favge-column, which is usually made of brass and stands quite clear 



nrlghDbyKllnger 

of the boiler itself. In such an arrangement as this, the temperature 
in the gauge-glass cannot vary so widely as if it were attached directly 
to the boiler. The "Klinger Patent" water gauge-glass is not easily 
broken, and possesses many advanlagi's over the common glass. 
Fig. 35 illustrates both these devices. 

The water gaujje is nut absolutely reliable, for the water in the 
gauge, being cooler than that in the boiler, may not imlicate the true 
level, and the small passages leading to it may become choked with 
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sediment. If the gauge-glass is frequently blown out by the engineer 
and kept clean, this difficulty will be reduced to a minimum. 

VALVES 

Of all boiler accessones, perhaps the most important are the 
cocks and valves by means of which the flow of steam or water may 
be shut off completely or partially. The valve operates by moving 
a disc across the pipe in a transverse direction, or by bringing a cap 



. OnUiUTT "Competition" Type ot 

GloMVafte. 




ti^t upon the seat in a. fore-and-aft direction. A cock consists of a 
block inserted in the passageway, with an opening cut through in one 
direction. When the handle of the cock is in line of the pipe, the 
opening allows the steam to pass through ; but if turned crosswise, the 
opening is closed. 

The Globe Valve. The valve shown in Fig. 36 gets its name from 
the globular shape of the casing which encloses the valve. Extending 
across this whole casing is a substantial diaphragm, the central portion 
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of which is in a plane parallel with the length of the pipe. The open- 
ing is cut in this portion , hori7ontal in the figure, through which steam 
or other fluid may pass when the valve is opened. When the valve is 
closed, a cap is forced down to close its opening. The rim around 
the opening is known as the valve-seat. The valve-cap is operated by 
a spindle, which passes through the bonnet of the valve and is mounted 
at the upper end by a smail wheel or handle. To prevent the escape 
of steam around this spindle, a stuffing-box is provided. The valve- 
cap may or may not rotate as the spindle turns; usually it does not. 
The valve shown in Fig. 36 is the ordi- 
nary globe valve knowh to the trade as 
the "Competition" valve. It is the 
cheapest valve of the type, and is not 
satisfactoiy where absolutely tight work 
is required. If the cap becomes scored, 
the valve will leak and is then worthless. 

A valve shown in Fig. 37 has a 
detachable valve-cap; and instead of 
relying for tightness upon the valve 
and seat coming together, metal to 
metal, a removable disc is provided, 
which being softer than the metal valve- 
seat, easily takes up the wear, and the 
valve not only can be closed tighter, 
but if anything happens so that the 
tightness of tlie valve is impaired, the 
valve^rap can be replaced by another 
at a trifling expense. In the cheaper 
valve, when the cap is scored, the valve 
is worthless. The valve-seat sometimes has a slight bevel, the valve- 
cap being shaped like the frustum of a cone. 

It IS impossible to close a valve tightly if the slightest particle 
of scale or grit gets between the disc and the seat. If this happens, 
the valve-seat is likely to become scored so that it does not hold tight; 
but it may be reground, and if the valve disc itself is damaged, it can 
readily be replaced. 

Angle Valves. An angle valve, shown in Fig. 38, is constructed 
in a similar manner to the ordinary globe valve, and is sometimes 
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used in place of the straightway \alve and an elbow. Both these 
styles of valve should be so placed in the steam pipe that the entering 
steam comes beneath tlie vahe-seaf. If this is done, the valve-stem 
may easily be repackeil simply by closing the valve. If the steain 
enters in the opposite direction, a leaky valve-stem cannot be packed, 
as loosening the stuffing-box would per- 
mit the escape of the steam. 

The Gate Valve. The g(Ue or 
atraightvay valve gives a straight pas- 
sage through the pipe, and, when open, 
offers very little resistance to flow. The 
globe valve, of course, offers much re- 
sistance, because the fluid hastoehangc 
its direction of flow completely. 

There are two forms of gate valve. — 

one with wedge-shaped sides, and the 

other having tiie valve sides parallel. 

Fig- 39 shows a "Chapman" valve with 

we<lge-shaped sides. .\ collar holds 

the valve spindle at a fixed point; and 

to open or close, the valve isdrawn up 

or lowered by turning the spindle. \Vhen 

the gate reaches tlie Ix»ttom of the pipe, 

a wetlge on the lower end of the spindle 

causes the sides to move laterally, with 

fig. an. ■■cii;iiiiii;m'' uiiH' Valve sufficient force lo bring a strong pres- 

sure against the valve-seat. For heavy 

work, these valves are made with a rising spindle instead of a 

stationary one. This possesses the distinct advantage of indicating 

at a glance whether they are opened or closed," while one cannot tell 

by looking at the ordinary gate valve whether it is open or not. 

Check-Valves. When it is necessjirj' that the flow should always 
take place in the .same direction, as in the fetHl-pij)e of a Ixiiler, ckeck- 
valves are uscil. There are several forms shown in Fig. 40, one of 
which has a similar jKittcrn to a glol>e valve, widi a ball or flat valve, 
the seat being parallel to the direction of flow. The valve is held in 
place by its own weight, and by the pressure of the fluid in case of a 
reverse flow. In the au'inging cteck-valve, the se"t is at an angle 
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of about 45 degrees to the direction of flow. It is fitted somewhat 
loosely where it is fastened to the swinging arm, so that it may prop- 
erly seat itself. This form is usually preferred, as it offers less 
resistance to flow and there is less chance for impurities to lodge on 
the valve-seat. \\Tien a check-valve is used in the boiler-feed pipe. 



Fig. *0. Types o(C 



ll-Valve; U-ITIMV: 



there should be a stop-valve between it and the boiler, which can be 
shut in case the check-valve should get out of order. 

Materials. For pressures under 200 lbs. per square inch, cast 
iron may be used for the body of the valve; but, for economy, il 
should be used only when the pressure is over 130 lbs. For heavy 
work it is frequently necessary to have a massive valve that cannol 
easily be broken. In such a case a cast-iron body is the most suit- 
able thing. The valve-seat, valves, spindles, stuffing-box, glands, 
and nuts are 




Type o[ Lever Sa(ety-ValTe 



fittings similar to those enumerated for the cast-iron valves. 

Safety- Valves. Safety-valves are used for reducing the pressure 
in the boiler when it exct^ls a certiiin limit, and to give warning of 
high pressure. There are several different types, but the essential 
features are a valve opening upward, held on its seat by a weight or 
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spring. When the pressure in the boiler exerts a force greater than 
that holding down the valve, the valve will open automatically. 

The Uver aafeiy-DcUve shown in Fig. 4! is the most common type 
for stationaiy work, especially for small boilers. The valve is held 
in place by a weight at the end of a lever. The force required to lift 
^e valve is governed by the location of the weight on the lever^rm. 

The body ol 

!" *" — ^ z; — ^ — ', the valve a 

usually made 
of cast iron, 
the seat being 
of brass. An 

Fle.« 01.«r.m for S>.t«y. Valve CalcuUU^ " Opening On 

the side of the 

valve may be connected with the feed-water heater or drain, if the 
escape of steam into the air is undesirable. If the valve becomes 
leaky, it should be reground; but no attempt -should be made to 
make it tight by increasing or moving the weight on the lever. 

The amount of necessaty weight on the lever, and its distance 
from the fulcrum, can be determined in the usual manner of com- 
puting leverage forces and moments, remembering that weight 
times weight-arm is equal to power times power-arm. In such a 
valve as this, ■power is the steam pressure, and the power-arm is the 
distance of the center of tlie valve from the fulcnun. There are four 
weights acting downward — the bail, the lever-arm, the valve, and the 
spindle — and in the process of computation the weight and leverage 
of each must be taken into account. 

Suppose, for example, that we have a lever safety-valve such as 
is illustrated in outline in Fig. 42, and that we know the following con* 
ditions: the ball weighs 125 lbs., and is suspended at the end of the 
lever 48 inches from the fulcrum ; the valve and valve spindle together 
weigh 18 lbs., and are 4^ inches from the fulcrum; the lever-arm 
itself weighs 50 lbs. If the valve-seat is 5 inches in diameter, at what 
pressure will the valve blow off, ignoring the friction of the stuffing- 
box and fulcrum pivot? 

The center of gravity of the lever-arm must be determined from 
the drawing (Fig. 42), and this is found to be 20 inches from the 
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fulcrum, The leverage of the weights acting downwards is then as 
follows: 

BaII 125 X 48 - 6,000 

Lever..: 50x20 -1,000 

Valve and Stem 18 X 4i = 81 

Total moment = 7,081 inrh-pounds. 

Now, if the valve-seat diameter is 5 inches, the area of the valve 

.,, . T D» 3.1416 X 25 ,„ „. . „,,,,, 

will be — -— = = 19.63 sq. in. The total moment to 

4 4 

be overcome is 7,081 inch-pounds, and its distance from the fulcrum 

b 4i inches. Therefore the necessary 

upward pressure on the valve will be 

^^ = 1,573.5 lbs. If the area of 
4i 

the valve is 19.63 sq. in., then the 

necessary pressure in pounds per 

square inch would be "' ' - = 80 lbs., 

.approximately. That is, this safety- 
valve would blow off when the boiler 
pressure reached 80 lbs. per square inch. 
If it is desired to design a valve 
that will blow off at known pressure, 
the same principles will apply, but the 
computations will be figured in the re- 
verse order. The area of the valve, 
times the boiler pressure, would give 
the total lifting force; and this, multi- 
plied by its leverage, would give the 
lifting moment, which would be re- 
sisted by the downward moment of the Fu-ia. ■cnisby pop safety- vaive 

,...,.,, 1 , for Stailonary nollers. 

combmed weights of valve, valve-stem, 

lever, and ball. If the moments of the lever, valve, and valve-stem 
were known, the rest, of course, would be made up by the ball.' 
If the length of the lever-arm were known, then the weight of the ball 
would be varied to correspond; an<l, conversely, if the weight of (he ■ 
ball were fixed, the length of the lever must be made to correspond. 
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The lever safety-valve has several defects. It does not close 
promptly when the pressure is reduced; and it is likely to leak after 
it is closed, and may readily be overloaded, or even wedged on it.« 
seat. It is essential that a- safety-valve should be automatic, certain 
in its action, and prompt in opening and closing at the required 
pressure. It must be one that can be relied upon under all circum- 
stances. 

The pop .safety-vaive fulfils the above requirements better than 
tho.se of the lever type. Pop valves open when the steam pressure 
is sufficient to overcome 
the tension of the spring. 
Fig. 43 shows a "Crosby" 
pop safety-valve for sta- 
tionary servic'e. The 
valve C is connected by 
the flange B to the cen- 
tral spindle A , and is held 
down on its seat by the 
pressure of the spring S, 
The valve C is provided 
with wing guides and an 
annular lip E. The 
guides fit smoothly into 
the seating D, upon 
which the valve rests. 
The seats of the valve 
have an angle of 45 de- 
grees. The under face of the lip E, together with the seating, 
forms a small chamber through which all the steam must pass 
to the open air. A number of small holes drilled vertically through 
the flange F, connect with the chamber and allow part of the 
steam to escape. The action of the valve is regulated by the screw 
ring G, which allows more or less steam to escape through the holes in 
the flange F, Raising the screw diminishes, and lowering it increases, 
the area of the holes. If the loss of steam is too great when the 
valve blows, turn the screw ring down. 

Safety-valves should be connected direcily to ike boiler without any 
pipe or elbow. They should be tried eveiy day by means of the lever. 
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The valve shown in Fig. 44 for stationary boilers, is maile by the 
Ashton Valve Company. The general principles are those of all pop 
safety-valves. The valve-seat is made of composition or nickel, and 
with a bevel of 45 degrees, as is the United States Government stand- 
ard. The pop chamber is surrounded by a knife-edge lip, which 
wears down in proportion with the seat, thus keeping the outlet of the 
same relative proportions, giving a constant amount of pop. 

The amount of pop — that is, the difference of pressure between 
the opening and the closing of the valve — is regulate*! from the out- 



ng- »■ "Star Marine" Pop Safely- VaLve, Fig. «. "Ashton" SaMy.Valvo for 

»-|lbCamLev«r. LoL-omntlveUnllers.wlth PnpH.'mila- 

lors on Kiicb Side, and Top Muffler. 

side by means of the screw-plug pop rerjvlahr shown at H in Fig. 44. 
If more pop is desired, turn the regulator so that S will be more nearly 
perpendicular. To lessen pop, make more nearly perpendicular. 
The springs are made of Jessop's best steel. 

The inlet and outlet are both on the siime casting, so that the 
valve may be taken apart to be cleaned or repaired, without disturbing 
the boiler connection. It has a lock-up attachment, so that the regu- 
lating parts cannot be tampered with, either hy accident or by design 
The spring is encased, thus protecting it from the steam. 
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■ The "Star Marine" pop safety-valve is shown in Fig. 46. It 
has a bevel seat, and is provided with a cam lever by which it may be 
raised from its seat when there is no steam pressure. The outlet of 
the valve, if desired, may be piped to the supply tank or to any other 
point. 

Safety-valves for locomotive boilers must be made of heavy material 
to stand the severe usage. They should be so constructed that they 
will not cock or tilt. The "Ashton" valve shown in Fig. 46 is con- 




47. "Hole" Seducing VsIts witb Dlapbrogm Regulating Preasure. 



structed so that the amount of pop can be regulated by merely turning 
the two posts marked 2 and 3 to the right or left. The noise of the 
steam escaping from the ordinary safety-valve is disagreeable, and in 
some States the law requires the use of the muffleT safety-valve. The 
Ashton valve shown in Fig. 46 has a top muffler. 

Reducing Valves. Sometimes steam is desired at a lower pres- 
sure than that of the boiler. For instance, a small low-pressure engine 
may be run by steam taken from the same boiler that supplies a 
higher-pressure engine. This reduction is accomplished by throttling 
the steam by means of reducing valves. These are arranged to be 
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operated automatically so tlint the pressure can l>c rc^luc-otl and a 
(-onstant pressure in the steam pipes mnint^tined. There are several 
forms in general use. 

In the "Holt" valve, Fig. 47, the low-pressure steam acts on the 
lower side of the diaphragm; and the weight, which may be set so as 
to cause the desired pressure, acts on the other. The movement of 
this diaphragm causes a balanceil valve to move to or from its seat. 
The valve opens until the steam pressure equals the weight above. 
The pressure in the main steam pipe docs not affect the movement 
of the valve. It depends only upon the pressure on the two sides of 
the diaphragm. 

Another form, the "Mason," is shown in Fig. 4S. A spring, which 
may have its tension altera! hy a key, takes the place of tlie lever anil 
weight in the Holt valve. Hlicn the pres.sure in the low-pressure 
system has risen to the require*! point, wliich is determined hy the 
spring, the valve closes, and no more steam is admitted until the 
pressure falls sufficiently to open the valve again. 

In another form, a piston actc<! on hy the low-pressure st<'am 
regulates the opening of a halanceti valve, and this maintains a con- 
stant steam pressure. 

In the "Foster" reducing valve, the valve is held open by the 
spring and levers, until the steam pressure at exit presses on the ilin- 
phragm sufficiently to close the valve. The valve is held open so as 
to admit just the proper amount of steam to maintain the re<]iiire<l 
pressure. 

When a reducing valve is usc<l, a stop-vidve .should be put in to 
prevent flow'when .steam is not in use. 

BLOW-OUT APPARATUS 

Boiler feed-water, if taken from rivers or ponds, is likely to 
contain vegetable matter as well as solid materials. The vegetable 
matter will usuaHy float to the surface, while the solids will collect at 
the bottom. To keep the boiler clear of such sediment; it is neces- 
sary to provide two hlow-ouls — a surfuce blow-out, to take care of 
what ri.ses to the top; and a boltom blow-out, to take out the sediment 
that collects at the bottom of the boiler. The surface blow-out 
usually consisi.s of a dish or funnel-shaped receptacle set with its face 
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vertical, as shown in Fig. 4!». When the water-level is in line with 

this blow-out opening, the opening of the valve at the bottom will 

skim tlie impurities from the surface of the water quite readily. Oil 

may get' into the boiler through the fc«l- 

water, and a considerable portion of it 

can be removed in this manner. 

The bottom blow-out consists merely 
of a pipe leading from the bottom of the 
l>oiler outward. Both these blow-outs 
may be connected into one outlet. 

In water-tube boilers a mmi-drum 
is usually installed, which readily collect.? 
the solid matter, and the bottom blow- 
out is then connected with this mud-drum. 
Fig. 50 shows an arrangement of surface 
and bottom blow-outs as usually installed 
on a Scotch boiler of the marine type. 

If the feed-water contains salt, which, 
may frequently happen in marine prac- 
tice, it is necessary that the boiler should 
frequently be blown out in order to re- 
ot a Spring. move the excess of salt. The density of the 

Ixjiler water, if salt feed is used, should be carefully determined by a 
salimeter. The loss due (o (his frequent blowing out is considerable, 
as a large amount of 
heat is necessarily wasted ; 
but it cannot be avoided, 
except by the use of 
fresh water, which some- 
times may be impossible 
at sea. 

The blow-out pipe 
leading from the bottom 
of an externally-fired 

boiler through the brick pj^^g surface Blo».Ou!.InsUlled in Boller. 

setting, if not properly 

protected, may be burned off, owing to the heat of the fire. This 
pipe is frequently covered with asbestos or other fire-resisting material ; 
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hilt it c'an Ix' Ix'st protoctoci by the nu-ana shown in Fig. 51. A pipe 
(■()nrnft»><! to tile l>oiler Hlightly Im'Iow the water-level, runs out through 
the brick setting ami connects into the main bloiy-out pipe. This 
causes a circulation of water continually tu pass through the system, 
atiil prevents (ipstniction of the blow-out pipe. Wien it is necessary 
tini.se the l>ottom blow-out, the valve A is closed, ami the blow-off 
valve B is opened; otherwise, B is closed, and .( is open while the 
water circulates. . 

The blow-out pipe is usually shut off by a cock, which, althoiigli 
not so easily operated as a valve, is more trustworthy. Frequently 
l)oth a cock and a valve are provided. Should a small particle of 
sediment lotlge on 
the valve-seat, it 
would \}c impossi- 
ble to close the 
valve tightly, and 
a considenible leak- 
aj;e wouUl result, 
while an inspection 
of the valve would 
not intlicate 
whether it were 
completely closed 
or not. But a 
glance reveals the fact whether or not a cock is tightly closeil. The 
(•nrk is likely to stick because of corrosion or unequal expansion, 
but, if frequently opened, this diflficulty is not of great weight. 
The plug and ea-sing of the cock should not be nia<le of the same 
material, as in that case they will more nwlily stick if the cock 
remains closed any length of time. 

FEED APPARATUS 

Perhaps the mo.st important of all auxiliaries connected with the 
l)oiler is the feed apparatus. This is vital; for, if the fecil is inter- 
rtipled and the water runs low in the boiler, not only is there danger 
of damaging the ijoiler itself, but a disaster may follow of far greater 
concern. For marine purposes — and the same is true to a considcr- 
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able extent in stationary work — at least two indepeniJcnt feed systems 
should be- provided. In marine work, the main feedpump draws 
water from the filter box or feed-water heater, and pumps it into the 
boilers under ordinary conditions. There should be a by-pass around 
this pump, and the feed line should be connected by means of a valve 
to what is known as the donksy pump, which may be used for auxiliary 
feed purposes in case the main pump is damaged or needs repairs in 
any way. 

Both these pumps draw from and discharge into the same feed 
line; but, to provide against emergencies, (here is usually a cross- 
connection to the sea, so that sea water may be had if necessary. 
While in port, when the main engines are not running, and conse- 
quently when the feed-water cannot be heated economically, an in- 
jector is almost invariably use<]. On land it is usually considered 
sufBcient to install an injector in additioil to the feed pump, although 
in large plants an auxiliary feed pump should be installed as well. In 
a small plant the fireman usually attends to the water; but on board 
ship and in large plants, a water tender is usually provided, whose 
business it is to keep the water in the boiler at the proper level. His 
task may be materially lessene<l by some automatic arrangemenl, so 
that if the water discharged into the hot well from the eondcnser rises 
above the jionnal level, a float will open the valve leading to the feed- 
pump and increase the rapidity of its stroke. This will reduce tlie 
level of the hot well or filter box, as the case may be. 

Such an arrangement as this will keep a fairly uniform level of 
water in the boilers; and if a surface condenser is employed, and all 
the condensation is pumped back into the boilers, the water-level will 
remain constant except for slight leakages of steam and for the possi- 
bility of improper action of tlie fce<l-pump. leakage of steam can 
be made up from the supply of fresh water. At sea, salt water may have 
to be used for this purpose although its use is objectionable. ' 

There is a considerable difference of opinion as to where the fcc<l- 
water should be introduced into the boiler, although the consensus 
of opinion seems to be that it should enter not far from the water-line. 
In stationary practice, the feed-water is introduced at the rear of the 
iKtiler near the lx>ttom; but this is open to grave objections, for the 
fcctl-water, Ix-ing comiMiriilivcly cool and being introduocd into the 
coldest part of the l»iler, naturally tends to In-come dead water and to 
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retard proper circulation which is- essential to eoonomical steaming . 
and often essential to the safety of the boiler itself. 

The best place for introducing the feed-water will naturally 
depend upon the type of boiler, and the service for which it is intcntUtl. 
If the entering water is of high temperature, it might enter near the 
bottom of the boiler. But if the feed-water is comparatively cold — 
and it is always colder than the water in the boiler and the surround- 
ing steam if the circulation is goo<l — great care must be taken that 
it does not strike directly against the hot boiler-plates, as it might 
thereby cause local contraction and possibly a serious leak, and it 
should be introduced in such a way as to make sure of its aiding the 
natural circulation of the boiler. 

The higher* the steam pressure in the Ixtiler, the more difficult 
K-comes the problem of fee<l, and the more danger there is of injury 
to the boiler by tlie comparatively cold feed-water striking hot plates. 
It is a universal practice in marine work, -and a common practice on 
land, especially for internal ly-fi ret 1 Ixiilirs, to cause the feed to enter 
above the water-level near the center of the Iwiler; then branching 
off into two pipes, one leading to each side through the steam space 
imtil the side of the boiler is reached; and then running downwaol 
toward the bottom. The feed-water, which very likely has been 
previously heated by a feed-water heater, is still further heated by its 
passage through this fee<l-pipe, which is in direct contact with the live 
steam of the boiler, This internal feed-pipe, turning down at the sides, 
causes the water to strike the outer shell <>f the boiler which is the 
most remote from the fire, and this downward motion materially 
assists the circulation in the Iwiler. When this arrangement of fee<l 
is adopted (see Fig. 50), care must be taken that the lower end of 
Ihe feed-pipe is well below the low-water level. If the end of the 
pipe is alternately immersed in water and then exposed to steam, 
violent explosions in the pipe are likely to follow, although they are 
likely to do nothing more serious than break an elbow or frigliten 
the attendants. 

In stationary practice, it is <(uite common to admit the fee<l-water 
into the steam space through a horizontal pipe entering it through the 
tul>e-plate a few inches Ik'Iow the low-water level, and terminating in 
a jwrforated pipe of large diameter. This method distributes the feitl- 
water admirably, and allows it to l>ecome considerably heatetl Ijefore 
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it reaches the bottom of the boiler If the feed-water contains a con- 
aiderable amount of magnesia or calcium carbonate, hplcs so arranged 
in the feed-pipe are likely to become clogged and the feed interrupted. 
Water of this sort should be fed into a trough, or the feed-pipe be 
opened at the top by a long slot, so that the feed-water may over- 
flow. The trough in this case forms an admirable mud-drum or 
sediment collector. 

In internally-fired boilers of the "Cornish" or "Lancashire" type, 




Fig. SJ. Sle&m-Diirpn Boiler FMd-Pump. 



the feed is usually delivered near the bottom tlirough a horixontal 
pi()e — either through the front end orby a vertical pipe through the 
crown. This method ia not conducive to the best circulation. 

In addition to these effects oncirculation, there are other grave 
objections to introducing feed-water near the bottom of the boiler; for, 
should anything happen to th*?" feedpump, or a p'wvc. of scale lodgi' 
under the check-valve, the water might be almost entirely blown out 
of the boiler before the difficulty could be disi-oventl or nniedied. 
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If the pipe entera in the vicinity of the low-water level, no WRt*T <-oul(l 
be drawn out below this point. 

The feed supply should always be regulated so as to keep the 
water-level as nearly stationary as possible; this is not only much 
more economical, but also far better for the boiler, than to wait for the 
water-level to fall and then feed a few inches rapidly. The sudden 
introduction of a large volume of comparatively cold feed-water, causes 
local contraction of the plates, and hence tends to cause leakage; 



Fig, 5S. Swlluu L>( " Wortblut'tcn" Uuplex SlrAiD I'ump 

moreover, it necessitates irregular firing if anything like a nniforiu 
steam pressure is to be maintained. 

Sometimes the feed-water is forced into the steam space in the 
form of a fine spray. In this way it not only is thoroughly heated 
before mingling with the water in the boiler, but the air is got rid of; 
and salts, such as sulphate of lime, insoluble at high temperatures, 
arc immediately precipitated. But the uilvnntii}^' of intriKliicingthe 
fcttl-watcr in a bixly so as to produce usi'ful circulating currents, 
should not be overlooked. 
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If several boilers are attached together in the form of a Itattery, 
each should be supplied with an independent connection to feeil- 
pipe. Otherwise a damage to the feed-pipe in one boiler might affect 
the others. Moreover, if several boilers are fed from one pipe, the 
pressure in each of them b^ng slightly different, an excess of water 
will naturally be fed into the boiler having the Uast pressure, whereas 
it is usually the case that the most water is needed in the boiler hav- 
ing the greatest pressure. The automatic float previously referred to, 
can regulate the amount of water fed into boilers only in a general 
way, through providing a method by means of which all the con- 
densation is fed back into some of the boilers; but the quantity of 
fi-e<l which is led into 'each individual boiler must be watched aiul 
regulated by the water tender, who can open or close the individual 
valves as desired. 

Pumps. Boilers are usually fed by a small, direct-acting 
steam .pump placed near the boiler. Although these pump* require 
a large steam supply per horse-power per hour, the total amount of 
steam used is small because the work done is small A more eco- 
nomical pump is thepower pump driven by the lai^ steam engine; 
but in this case the rate at which water is supplied is not easily regu- 
lated to the demand of the boiler. Power pumps arc iisually 
iirrango<] to pump a larger <|uantity of water into the Iwilcr than is 
rtHjuired, the excess of water being allowed to flow back into the 
suction pipe through a relief valve. 

The pump shown in Fig. 52 is well adapted for feeding boilers. 
In Fig. 53 is shown the section of aduplex "Worthington" steam pump. 
The action of each of these two types is similar. Steam, (■ontn)l!e<l 
by viJves, drives the piston in the steam cylinder, which movi'S the 
])hinger in the water cyliiKJer, since both are fastened to the same rtid. 
The movement of the plunger forces a part of the water in front 
of it up through the valves into the air-chamber, and through the 
pipes into the boiler. On account of the partial vacuum caused by the 
tnovement of the plunger, water will be drawn from the suction pipe, 
through tile valves, into the pump cylinder, filling the space left by 
the movement of the plunger. During the rettim stroke, this water 
is foroHl up into the air-chiinilx-r, and a like quantify enters the nlher 
end of the pump cyliniler. Tlic valves arc kept on the si'ats by liglit 
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springs, until the pressure on the bottom side is sufficient to lift them 

and allow water to flow through. 

AVhen two pumps are placed side by side, and have a common 

delivery pipe, the machine is called a duplex pump. It is usual to set 
STEAM the steam valves so that 

when one piston is at the 
end, the other is at the mid- 
dle of its stroke. A duplex 
pump having a lai^ air- 
chamlier and valves set to 
act in this manner, delivers 
water with an approxi- 
mately constant velo<rity. 

Injectors. ^Vater may be 
forced into a boiler hy an 
injector or inspiratoT. By 
means of (his instrument, 
the energy of a jet of steam 
is used to force the water 
into, the boiler. That there 
is sufficient energy to do 
this work is evident from 
the fact that each pound of 
steam, in condensing, gives 
uj> almut 1,000 B. T. U., 
and a B. T. U. is equiva- 
lent to 778 foot-pounds. 
. Not all the energj- of the jet . 
of steam is u.sed in forcing 
water into the boiler; some 
is wasted, and much is used 
to heat the feed-water. 

Fig. 51, SccLloiul View ot "Hani^ui'k" lujecuir. „„ , .... 

1 he action of the injector 
is briefly as follows: The steam escapes from the boiler with 
great velocity, and, as it passes through the cone-shaped passa^', 
<lntw3 air along with it, thus cn-ating a partial vacuum in 
the suction pipi\ Atmospheric pressure forcrs water u[) into the 
suction pipe, and the jet of steam which it mwts is jwirtly condensed. 
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The energy of the jet carries the water along with it into the boiler. 

Experiments show that the injector, if considered as a pump, 
has a very low efficiency. When used for feeding a boiler, it lias u 
thermal efficiency of nearly 100 per cent, since all the heat of the steam 
passes to the water except steam 
the slight amount lost in ^^^B 
radiation. The pump, \^^\ 
however, has one great ad- j*lp1 rnri 

vantage over the injector; "H ^ 

it can force hot water 
from a heater into the 
boiler, while an injector 
can be used only with cold 
or moderately warm water. 

Figs. 54 and 55 show 
the interior section and 
exterior of a "Hancock" 
inspirator. To inject water 
to the boiler, first open 
overflow valves 1 and 3; 
close valve 2; and open 
starting valve in the steam 
pipe. When the water ap- 
pears at the overflow, 
open 2 one quarter-turn, 
close 1 , and then dose 3. 
The inspiralor will then l>e 
in operation. ^VTien'the 
inspirator is not working, 
open both 1 ami 3 to allow 
water to drain from it. 

Both temperature and 
quantity of delivery water 
can be varied Iiy increas- 
ing or decreasing tlie water .supply. When the wat<T in the suction 
pipe is hot, either c<k»1 off iKith pi|H' and injector with cold water, 
or piimp out the hot water by opining and closing die starting vulvc 
suddenly. 
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Circulating Apparatus. There is always more or less danger in 
starting a fire under a boiler. If the circulation is pcmr, the result 
will be that not only will the water be of an uneven temperature, hot 
near the top and cold at the bottom, but the boiler shell is likely to 
I)e subjected to severe strain, owing to the difference of temperature 
arising from the stagnation of the cold wat«r near the bottom. The 
fire must be started slowly, and s considerable time consumed in 
getting up steam. To overcome the difficulty of poor circulation, 
several mechanical devices have been applieil. 

The first device tried was a hydro-kineter—a, sort of injector — in 
which jets of steam driven through a conical nozzle drew in the sur- 
rounding water. This was so arranged as to induce the cold water 
to flow from the bottom toward the top, where it was more intensely 
heated. This arrangement is efficient, but slow of action. ■ In large 
marine boilers — in which the fire is cautiously started, as is proper — 
tlie temperature at the surface of the water, four hours after lighting 
up, has been found to be as hi^ as 205°, while at the bottom it was 
only 73°. Several observations with a hydro-kineter in action have 
shown the temperatures to be 205° and 144° respectively- It was 
six hours more before the temperature was equalized throughout. 

In naval vessels, where it is frequently necessary to raise steam 
rapidly, this device is altogether too slow. It has, moreover, two 
other drawbacks. There must be an auxiliary boiler under steam 
pressure, and it will' cease to act when the temperature and pressure 
of steam in the main boiler has reached that in the auxiliary boiler. 
The steam jet, in the American Navy, has been replaced by a jet of 
feed-wat«r forced through a conical nozzle. This arrangement 
answers very well so long as steam is being drawn fronl tlie 
Ijoilor; but when the boiler is at rest and steam is being raised, it is 
inoperative. 

The be.st service can be had by means of small centrifugal pumps 
fbied beside the boilers, which take water from tlie bottom of the 
boilers and discharge it. a little below the water-level. The pumps 
may be turned by hand while raising pressure, and may be worked 
by steam when sufficient pressure has been attained. A small engine 
of perhaps 1 J horse-power is sufficient to give a proi>er circulalion to 
a large Iwiler. With such a circulating device, steum can 1h' raised 
with safety, in a comparatively short time. 
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EvaporatOK. No engine can he nin witliout a certain ios» of 
water, ilue either to a sliglit continuous leakage or to blowing ofT. In 
.stationary practice, this loss can be readily ma^Ie up by the appli- 
cation of fresh wafer; but at sea it is seldom possible to carry a suffi- 
cient amount of fresh water, and the make-up must be ha^l either 
from sea water, or from fresh water provided by the use of an evapora- 
tor. The evaporator is really a small boiler, the water in which is 



heatetl by a steam coil supplied from the main boiler. The evaporated 
water — called the evaporation — ^passes into the condenser and then 
becomes a part of the regular feed water. 

In a single evaporator, if the evaporation passes directly to the 
condenser, its heat is lost to useful work. To provide a more econom- 
ical arrangement, multiple evaporators are installed, which consist of 
a series, the evaporation from the first passing into a coil in the bottom 
of the second; the water in the second condenses the evaporation 
from the first, while at the same time the evaporation ftom the first 



,dhyG00Qle 



m 



nOTLER ACCRSSORIES 



helps to liont the walcr ot tlic scconii. Tlio steam uini water pass 
tlm>iigli tlie sori<'3 of heaters in opposite directions. 

It is a nilc in the French Navy, to provide 3.S0 |l)s. of fivsh water 
per hour for each 
1 .000 indicated 
horse-power; this 
provides for a loss 
of about 2 per cent 
without .drawing 
on the reserve sup- 
ply, which is 4,500 
£^ ^ lbs. for the same 

^ amount of power. 

The evapomtor 
may be arranged 
to communicate 
with a low-pres- 
sure valve-chest, 
in which case the 
evaporation may 
l)c made to do 
work in a low- 
pressure cylinder 
of a triple-expan- 
. sion engine before 
entering the con- 
denser, or it may 
be connected with 
the feed-water 
heater if the ex- 
haust steam is in- 
adequate. 

Feed-Water 
Heaters. The in- 
troduction of feed- 
water at a high 
temperature increases the economy and tends to prolong the life of 
the boiler. The injurious effects from unequal expansion are dimin- 
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ishttl ; nnd when the feed is warmed by exhaust steam or l>y the waste 
gases in the uptake, the saving of fuel is considerable. 

If this gain comes from waste gases or exhaust steom, which 
would otherwise make no return for their heat, the gain is clear; but 
there is no gain in thermal economy by heating feed-water with live 
ateam directly from the boiler. 

There are. several ways of heating the feed-water. In condensing 
engines, the feed-pump discharges from the condenser into the hot 
well, and the water is drawn from the hot well at a temperature of 
100° to 140° F. This, however, if the pressure is over 100 lbs., is 
entirely inadequate; and for the best economy, feed-water at this 
temperature should be passed through some form of fe«d-water 
heater. In the non-condensing engines, it is absolutely necessary 
that in some way the feed-water should be heated by the exhaust 
steam or by waste gases from the chimney, the apparatus in the first 
case being called a /ecrf-wofer heater, and in the second an economizer. 

The feed-water heater may be arranged so that it will not only 
heat the water, but will at the same time purify it, precipitating the 
calcium and magnesia salts, which collect on suitably prepared plates, 
and gathering, at the bottom of the heater, dirt and other sediment 
that would injure the boiler. 

There are two types of feed-water heater — the open, which is 
frequently used in land work; and the closed, which may be used 
either on land or at sea. In the open heater, the steam raises the 
temperature of the water by mingling with it in direct contact. The 
closed type of heater resembles in its action a surface condenser; ^e 
steam used for heating purposes surrounds tubes which contain the 
feed-water, or the water circulates about tubes through which the 
heating steam passes. 

Fig. 56 shows a feed-water heater of the closed type, the exhaust 
steam heating the feed-water within the tubes. The heater shown in 
Fig, 57 is of the open type, the feed-water becoming heated and depos- 
iting sediment while flowing from one tray to another. 

The "Cochrane" heater. Fig. 58, is a combined heater and puri- 
fier of the open-heater type, the water entering at the top and flowing 
in a thin sheet over a series of trays. The exhaust steam enters 
through the oil separator, and rising among the trays, heats (he water 
to about 210° F, the action being similar to that of a jet condenser. 
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i»ART II 



STEAM SEPARATORS 

Priming. Steam is said to be wet or to be swperkeaUd, according 
as it has an excess of moisture or an excess of heat. Wet steam not 
only is uneconomical, because it carries a considerable amount of heat 
into the en^ne in the form of water, which cannot do useful work, 
but, if a considerable amount of water gets into the engine, it is really 
dangerous, for it may so completely fill the clearances that the piston 
will strike a blow against the cylinder-head sufficient to break it. The 
water in the pipes, moreover, may cause a serious hammering, which 
not only is exceedingly annoying, but may be actually dangerous, for a 
severe water-hammer may break the joints of the steam pipes, and a 
considerable quantity of escaping steam at high pressure would be 
exceedingly dangerous to the lives of the engine-room attendants. 
This especially would be true on board ship, where the en^ne-room is 
small, the supply of air meager, and the means of escape limited. 

A considerable amount of water may be deposited in a sag in the 
pipe line, and would undoubtedly remain there for a considerable 
length of time if the pressure in the boiler did not fluctuate; but a 
sudden rise of boiler pressure would likely cause this water to pass 
bodily through the pipe toward the engine. Moisture is carried 
directly from the boiler as a result of ■priming. This is caused by 
steam bubbles which, instead of bursting, hecome connected on th9 
surface of the water, forming a foam, half-liquid, half-gaseous, which 
fills the steam space and passes out of the steam pipe. Priming may 
be due to fiuctuations of boiler pressure or to the presence of dirt, oil, 
or other foreign matter. The smaller the free surface of the water 
in the boiler, the more likely the water is to prime. Boilers will fre- 
quently prime badly under forced draft, when otherwise there would 
be little trouble. 

Priming may be detected from the unusual behavior of the water 
in the gauge-glass, or from the hammering in the steam pipes or 
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cylinder. To avoid a breakdown under such conditions, the speed of 
the engine should be reduced, the drain-cocks of the cylinders and 
pipes opened, and the fires eased down. Sometimes, by suddenly 
shutting the main stop-valve, the pressure in the boiler can be in- 
creased sufficiently to overcome the difficulty. 

Almost any boiler is likely to prime to some extent; and to obtain 
as dry steam as possible, several devices are employed. On the top 
of stationary boilers and locomotives, a 
steam dome is frequently built, from 
which the steam is drawn, the idea being 
that less moisture will be found here than 
if the steam be drawn directly from the 
main portion of the boiler. In marine 
work, and sometimes in stationaiy plants, 
a dry^pipe is used (see Fig, 50). This is 
merely a large pipe inside the boiler, from' 
which the steam is drawn. Tlie pipe is 
near the top of the boiler, and the upper 
side of it is perforated with holes throu^ 
which the steam may pass. A consider- 
able amount of moisture is in this way 
prevented from leaving the boiler. 

The moisture in steam can be reduced 
by the familiar process of superheating; 
but if this, for any reason, is impractical 
ble or undesirable, a steam separator may 
be used for the purpose of extracting the 
moisture that comes from the priming of 
Fig.ee, -sirait™' separator. ^^ ^x'i'*'* o"" f">m condensation in the 
steam pipe. 
Separators. There are several forms of separator; but all are 
designed on the general principle that if the direction of the steam 
current is suddenly changed, or if it is diverted upward and then down- 
ward, the water will be separated from the steam and will fall to the 
bottom of a suitable receptacle. The depth of water collected in the 
bottom of the separator is readily indicated by a gauge-glass, and it 
may be drawn oft as desired. To prevent the possibility of flooding 
the separator, it is well to connect it with an automatic trap which 
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will empty it without close attention from the engineer. It is needless, 
of course, to say that the trap from thb separator should be con- 
nected to the hot well, and the drip should be returned to the boiler 
with the loss of as little heat as possible. 

In the "Stratton" separator, Fig. 59, the steam 
enters at one side of a cylinder, flows down- 
ward, and then upward through a pipe in the 
middle. Dry steam escapes from a pipe near 
- the top, on the opposite side from which it 
enters. The separated water is drained at the 
bottom. 

The "Cochrane" steam separator, shown in 
section in Fig. 60, is of the baffle-plate type. 




The branches for the entrance . and exit of 
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Steam Separator. 



the steam project from each side of the spherical head. Another 
branch from the bottom provides for connection with the well. The 
baffle-plate, which is cast as a part of the head, is ribbed, or corrugated, 
and has ports at each side for the passage of steam. The area of the 
ports is large, to prevent loss by friction. A small pipe is inserted 
in the plate on the outlet side at the bottom of the baffle-plate, to drain 
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any condensation in the outlet chamber. Steam, enteriag at the left- 
hand opening, strikes the baffle-plate and passes to the outlet chamber 
by means of. the two «de passages, as shown in the plan, Fig. 60. 

A form of separator which b fitted to the main steam pipe near 
the engine, is shown in Fig 61. Steam enters at A and strikes the 
dash-plate B ; any water coining with the steam ia separated and falls 
to the bottom. The steam takes the direction indicated by the arrows, 
and flows out at D. Tliis sqwrator is fitted with a gauge-^ass which 
is similar to a boiler gauge-glass. 

STEAM TRAPS 

Steam traps are used for collecting the water of condensation 
from steam pipes. They consist of a receptacle with an inlet and 
outlet valve so arranged 
that the condensation 
which collects may flow 
but, hut steam cannot 
pass. 

In the float trap shown 
in Fig. 62, the float lises 

n..^ Sln,pleS.e,..nTr.pOper.t^t.,Ploat. ^^ f^j,^ ^j^^ the chaoge 

in water-level. When the water-level rises above a certain point, 
the float opens the discharge valve. The trap shown in Fig. 63 is 
similar, the float being 
replaced by a wei^t 
W, which is nearly 
counterbalanced b y 
the weight T. The 
raising of Why the wa- 
ter opens the valve V. 
There are other 
forms called bucket 
traps. In the one 
shown in Fig. 64, the 
water enters at W. While there is only a little water around 
the bucket F, it floats, and the valve V is closed; but when the 
water rises high enough to flow over the edge, the weight of water in the 
bucket causes it to sink, and opens the valve V. Water is forced up 
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the passage M, and out through the pipe N, by the pressure of the 
steam on the sur- 
face of the water 
surrounding the 
bucket. 

Another form 
of trap, called the 
differenlial steam 
trap, depends upon 
a head of water 
acting on a flexible 
diaphragm. Water 
enters at either top 
or bottom by the 
pipes E, Fig 65, 

\Vhen the water- plg. m. Bucket Type ot steam Trap. 

level rises, it fills 

the chamber G and the pipe N. This causes a pressure on the under 

side of the diaphragm greater than that caused by the spring H, 

which spring acts on the upper 

side of the diaphragm and tends 
to keep the valve open. While 
I the pressure below the diaphragm 

preponderates, the valve P re- 
mains closed. ^Vhen the water 
rises and fills the chamber J so 
as to flow down the pipe M, the 
water-pressure on the upper and 
lower side of the diaphragm will 
become equal, because the head 
of water in M is practically 
the same as that in N. The 
spring will now open the valve P, 
and water will be discharged 
from the pipe /, \Vhen the 

head in M falls, the pressure on 
FlK. K. DKTereniml Steam Trap.Operacea by ' 

Water-PressureonaFleilbleDlaphragra- the Under Side of the diaphragm 

again becomes greater, and the valve accordingly closes. 
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Return Traps. Traps that are used for returning water of con- 
densation to the boiler are called return traps. There are a variety 
of forms, but the principle of action in all is similar, and is shown in 
Fig. 66. B represents the boiler, and T the trap, which is placed a 
few feet above the boiler. The trap is supplied with steam from the 
boiler. It is also connected with the boiler by the pipe P, in which 
is a check-valve at C. Water of condensation enters the trap through 
the pipe E, in which is a chetk-valve //, until it reaches a depth 
sufficient to raise the float F, which opens the balanced steam valve V, 




called an equalizing vahv. Steam from the l>oiler then enters the 
trap and equalizes the pressure. Since" the pressures are e<iual, water 
in the trap, because of its height above the water-level of the boiler, 
will flow to the boiler until the level in the pipe P is nearly the same as 
the water-level in the boiler. As the water-level in the trap falls, the 
float F drops, and the equalizing valve is closed. 

In some forms of return traps, buckets are ns<'d instead of floats. 

CALORI METERS 

Steam fnim a lx)iler is generally accomi>anied with more <^r loss 
moisture. This, being mechanioally .sns|X'nile<l in the steam, cannot 
reailily be measured without the use of special apparatus. An instru- 
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ment by means of which the percentage of moisture in steam can be 
determined, is generally called a calorimeter. There are several dif- 
ferent types of this instrument, only three of which wiii be described. 

The Barrel Calorimeter. This was invented by the distinguished 
engineer, Mr. G. A. Hirn, and is not only one of the earliest of these 
devices, but is by all means the simplest and most inexpensive form 
of calorimeter in practical use. It is shown in Fig. 67. The essential 
apparatus consists of a barret holding about 400 lbs. of water, scales 
for weighing — and nothing more. A pipe with suitable connections 
leading from the boiler or steam main, conveys the sample of steam 
to be tested. This pipe should be provided with a valve, and on the 
end should be a piece of rubber hose which can readily be inserted in . 
the barrel or removed. 
The principle of this calor- 
imeter is extremely simple. 
As steam flows through the 
pipe, it is condensed by the 
water in the barrel, and the 
increase in the weight of 
the barrel after the test in- 
dicates the total amount of 
moist steam condensed, 
while the rise in tempera- 
ture of the water in the pig. 97. Details of Barrel Culorinieter. 
barrel is an exact measure of the quantity of heat obtained from this 
moist steam. 

The steam tables give the number of B. T. U. in dry steam and 
hot water at various temperatures and pressures; and with this data 
and the above-mentione<l observations made in the barrel, the per- 
centage of steam and moisture can readily be determined. 

The sampling pipe usually projects into the steam main a few 
inches, the end being perforated so that the sample will be drawn from 
a point near the middle of the pipe. An a^tator should be place<l 
in the barrel, so that the water may be thoroughly stirred and a uni- 
form temperature maintained during the test. 

To test a sample of steam by this method, fill the barrel about 
two-thirds full of cold water; place it on platform scales, and carefully 
note its weight and temperature. The weight of the barrel and 
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fittings, when empty, should of course be known, so that the wei^t 
of the water alone can be determined. With the hose removed from 
the barrel, allow steam to blow through the pipe until it has become 
thoroughly heated If the sampling pipe is long, it should be wrapped 
with hair felt or some form of lagging, to prevent condensation during 
the test. As soon as the pipe line has become thoroughly heated, 
plunge the hose into the barrel and allow the steam to blow through 
the water until it has become well heated. Shut off the steam, and 
carefully note the weight and temperature. 
Suppose W — Final weight ot water in barrel; 

w ~ Weight of cold, condensing water before eteam is turned on; 

/] " Temperature of the cold water; 

ft = Temperature of the hot water; 

P — Ahfiolute pressure of steam in steam pipe (gauge pressure + 
atmospheric pressure). 

Prom the steam tables In the back of the book may be found; 

q, the B. T. U. in one pound of the liquid contents of the moist steam; 
qi, the B. T. U. in one pound of the cooling water, before the steam was 

91, the B. T U. in one pdund of this water after the sleam has been 

added ; 
r, the heat of vaporization corresponding to the absolute pressure —i. t., 

B. T. U. given up by one pound of steam condensed into water. 

If X equals the percentage of dry steam contained in the supply 
pipe, \ — X will represent the amount of priming. 

X (W — w) = the total amount of dry steam condensed ; 

(1 — a:) (IF — w) = the total amount of moisture brought into 
the barrel by the moist steam. 

If q-j equab the heat in one pound of cooling water, then q^ will 
equal the total heat in the barrel at the beginning. 

For the same reason q^ will equal the total heat after the steam 
has been condensed, and f, W ~ q^w will equal the total amount of 
heat gained by the water in the barrel. 

If r is the heat of vaporization, then r x (W-w) will equal the 
B. T. U. contained in the dry steam; and if q is the heat of the liquid 
corresponding to the same pressure, then q {\- x) (W - w) will equal 
the B. T. U. contained in the moisture brought over by the steam. 
It is apparent that the sum of these two quantities will be the total 
number of B. T. U, brought from the steam main to the water barrel, 
and must be equal to 5, W - (jf, w, the heat gained by the water in the 
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barrel. The solution of this equation will result in a formula which 
will save some mathematical computations. 

That the method may be perfectly clear, let us first consider a 
numerical example in full. 

Suppose to - 455 lbs. 
W - 495 Iba. 
d = 50° F. 
tt - 140° F. 
P = 75 IbB. 
q (from Btetun tables) — 276.9 



Then the total heat in the barrel after condensation, is equal 
to (495 X 108.2) = 53,559 B. T. U. 

The total heat before condensation was equal to 455 X 18 1 = 
8,235 B. T, U. Therefore the heat brought over by the moist steam 
will be 53,559 - 8,235 = 45,324 B. T. U. 
Now, from the steam tables 

q = 276.9; and r = 898.8. 
The heat given up by condensation of the dry steam will then be 
898.8 X (495-455)a:=40a; X 898.8 = 35,9521; and the heat of the 
liquid in the moisture and condensed steam will be 40 X 276.9 = 
11,076, making the total heat in the moist steam = 11,076 + 35,952a:. 
Therefore. 11,076 + 35.952a; = 45.324 
., 35,952x = 34,248 
x= 0.952 
That is, every pound of moist steam contains .952 lb. dry steam and 
.048 lb. moisture; or we may say there was 4.8 per cent of priming. 
The formula may be derived by the following algebraic work: 

Total heat in bbl. after condensation = IV q^; 

Total heat in bbl. before condensation = wi 5, ; 

Total heat brpught over by steam = IV q, — wq,; 

Heat of liquid in condensed steam = (If — w) q; 

Latent heat in dry steam = x {W — 10) r; 

Total heat in moist steam = x (IV — w) r + {W — w) q. 

Therefore, 

X (W- w) T + (W - tv) q = W q^- w 9,; 
xr {W— w) = W q^~ wq,— W q + w q; 

or, transposing to a more convenient form. 
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The use of this form of apparatus is not especially to be com- 
mended , for it is liable to error, and a slight discrepancy in the weights 
or the temperatures may cause a large error in the result. In the 
above calculations, no allowance is made for loss of heat through 
radiation. 

Separator Calwimeter. Thb instrument shown in Fig. fiS, 
consists of a chamber j4, intowluch is led 
a steam pipe D, bringing a sample of 
steam from the boiler or steam main. 
This pipe leads into an enlargement per- 
forated with small holes, or into a cham- 
ber A as shown in Fig. 68. The calori- 
meter separates the moisture from the 
steam just as a steam separator does; 
and the exhaust, which is dry steam, 
passes out of the pipe P, wherein is in- 
serted a diaphragm containing small ori-* 
fices, by means of which the quantity of 
steam flowing out can be calculated by 
thermodynamic methods. The exhaust 
steam can, of course, be led to some 
form of condensing apparatus, and the 
condensation weighed, if desired. 

As the steam enters the calorimeter, the 
moisture is drawn toward the bottom of 
the chamber. The amount of water 
collected can readily be read from the 
gauge-glass at the side, to which a gradu- 
ated scale should be attached. 

The amount of moisture contained in 
the steam can be weighed directly by 
drawing it out of the gauge-cock E. The amount of dry 
steam is measured by its flow through the orifices, or by conden- 
sation,* If W = weight of steam discharged from the calorimeter, 
leam tbroogb an orlflce, consult aaj 




F^. OS. Separator Calorlmoter. 
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and w = weight of water collected, then the percentage of priming 

will lie f,— , - - ■ 

It + w 

If only a small quantity of steam is used, an allowance must be 
made for condensation; but if the instrument is well lagged with 
hair felt or oflier suitable material, and a sufficient quantity of steam 
is used, the error from radiation may be neglected. Steam should be 
allowed to flow p^^ 

through the instru- 
ment until it hiis 
become thoroughly 
heated, before be- 
ginning the test. 

Throttling^ Cal- 
orimeter. This 
was invented by 
Prof. Cecil H. Pea- 
body, and is made 
with varying con- 
stnictivc details. 

Fig. 09 shows the ^ 

general arrange- 
ment. The mix- 
ture of steam and ' 
water fn)m the 
boiler is taken from 
the main steam 

, , , t'iR. ^'' Ciiii-ral Arraiiwemfnt of Tbrotlliuu Culorlmeter 

pipe through what 

is termed a sampling pipe. Various forms of this pipeare made; one 
arrangement consists of a pipc'elosed at its inner end, but having 
numcn)us holes \ inch in diameter drilled staggering around the si<ies. 
The culorimeter should be placed as close as possible to the main 
steam pi]M'; and the gauge for indicating the pressure in the main 
steam pipe should be placed on the latter and near the calorimeter. 
The gauge is sometimes connecte<l to a tee on the pipe leading to the 
calorimeter; Init it is better to have tiiis gauge whcR' the velocity of 
the flowing steam is less. A valve is placed in the pipe to the calori- 
meter, below which is inserted a nipple A having a small converging 
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orifice D, about two-tenths of an inch in diameter and very carefully 
made. The object of such an orifice is to determine the weight of 
steam flowing through the calorimeter, so that an allowance can be 
made for the loss when testing an engine or boiler, where the net 
weight used is required. A cup B is screwed into the top, for holding 
an accurate thermometer. The cup is made of brass, and is filled with 
oil; but if mercuiy is used, the cup must be of iron or steel. A deli- 
cate gauge C, for determining the pressure in the calorimeter, and a 
pipe and valves at the bottom, complete the apparatus. The valve A' 
is sometimes omitted, and a simple pipe used, as the throttling is best 
accomplished by use of the valve E or orifice D. All pipes leading to 
the calorimeter should be well covered with a good nonHX)nductor. 

To use the instrument, proceed as follows: Open wide valves E 
and N, to bring the apparatus to a uniform temperature; then gradu- 
ally close E until the steam in the calorimeter is superheated; that is, 
until the temperature as shown by the thermometer is greater than that 
corresponding to the absolute pressure determined from the reading 
of the gauge C and barometric pressure. The result may now be 
calculated as follows: 

X = Weight of steam contained in one pound of the mixture from 
the main steam pipe or other source; 

X, = Total heat corresponding to the absolute pressure determined 
from the reading of the gauge C and barometric pre.ssure; * 

T = Temperature as shown by the thermometer; 

(, = Temperature of steam corresponding to the absolute pressure 
as determined by the reading of the gauge C and barometric pressure ; 

q, = Heat of the liquid corresponding to the absolute pressure 
in the steam pipe; 

r, = Heat of evaporation corresponding to the absolute pressure 
' in the steam pipe; 

0.48 = Heat required to superheat the steam one degree Fahren- 
heit under constant pressure. 

Total heat in 1 lb. superheated steam in calorimeter - \ + 
0.48 (T-QB.T. U. 

Total heat in 1 lb. moist steam in steam main - xr, + q, B. T. U. 

These two quantities are equal; and x, being the only unknown 
quantity, the equation can easily be solved. 

*Notb: Some Bteom tables UBS /rinalead of the Greek letter \ (lombiU). 
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>.. + 0.48(r-i.)-}. 



Example. Barometric pressure, 14.7S lbs. Absolute pressure 
in main steam pipe, 87.78 lbs. Absolute pressure in calorimeter, 
23.03 lbs. Temperature (T) = 2fiO° F. Then, 

X. -1,153.68 5.-288.1 

■ (.-235.28 r. -890,88 

1,153.68+ .48(260-235. 28)-288,l „ „, . 

Or, in other words, 98-. 4 per cent of the mixture is steam; or the 
moisture = 1—0.984 = 0.016, or 1.6 per cent. 

This form of calorimeter is suitable only for cases where the 
moisture does not exceed three per cent of the mixture. Its principle 
is based upon the assumption that there is no loss of heat, in which 
case steam mixed with a small amount of water is superheated when 
the pressure is reduced by throttling. 

PIPING 

Although piping can hardly be considered a boiler accessory, 
a few general remarks will not be out of place. 

Pipes must not only be of sufficient size and strength, but should 
be so installed as to make 
ample provision for expansion 
due to the high temperature 
when they are £lled with 
steam. The supports for long 
pipe lines should be arranged 
somewhat as shown in Fig. 70, 
which allows the pipe a con- 
siderable amount of lateral 
motion. 

If the pipe line is long, 
an expanaion joint must be 
provided. Sometimes a curved 
U-bend may be inserted in the pipe line, which of itself will have 
flexibility enough to provide for reasonable expansion. Or, if the 
steam main is not all in one line, a similar bend may be pro- 
vided, with elbows and nipples, as shown m Pig. 71. In this 
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case, any expansion of the steam main will cause the nipples to turn 
slightly in the elbows. This motion, of course, is slight, but it is 
sufficient to prevent rupture. U-bends and swivel-joints are hanlly 
practicable in large pipe; and in such cases a sUp-jotTif, made tight by 
a stuffing gland, is usually provided. If this is done, great care must 
be taken that the steam main Is straight and in perfect alignment, as 
the pipe may otherwise bind in the expansion jciint and cause much 
damage from leakage. 

In marine work, especial care must be taken that the pipe lines 
are not so rigidly connected together that they will be injured by Uie 
working of the ship. This can readily be provided for by hiying 
the pipe in such a way as to provide a simple form of swivel-joint. 
The pipe lines should be as 
straight as possible, to prevent 
unnecessary friction of the 
steam and unnecessary con- 
densation; and they should, if 
possible, be so installed as to 
leave no pockets wherein con- 
densation may collect. If such 
a pocket is unavoidable, a 
drain must be provided, lead- 
ing from the pocket to the 
steam trap, whence the con- 
densation may be discharged into the hot well or filter-box, because 
the collection of water in steam pipes is a source of inconvenience 
and danger. 

The pipe lines should be installe<l with snflficicnt slope, so that 
the condensation will readily drain to a convenient point whence it 
may be drawn off. This slope shouki be in the direction of the flow 
of the steam, as the water will not readily flow otherwise. Great 
care should be taken that the pipe lines nowhere sag, as sucR a de- 
pression will collect condensation. This may cause very little dis- 
turbance unless the pressure of the steam is suddenly raised, in which 
case the water is liable to flow bodily along the pipe; and if it does 
not enter the cylinder of the en^n-; and cause damage there, it will 
cause a serious water-hammer which may rupture the elbows of the 
pipe and may endanger life. 



Fig 71. Methoa of Forming Swlr«l-JolDt li 
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Formerly, when low pressures were used, cast iron was a common 
material for a m^n steam pipe leading from the boiler to the engine, 
but the higher pressures of to-day require the best wrought iron or 
steel. In marine work, copper is commonly used; but with the 
advent of higher and higher pressures, copper fails to pve the 
requisite strength, and it has to be reinforced with wire or iron 
bands. At pressures not over 150 lbs,, copper pipes may be used, by 
the British Board of Trade rules, 15 inches in diameter; but at 200 
lbs., copper pipes are not allowed over 10 inches in diameter. For 
large sizes, riveted iron or steel pipe may be used. For high pres- 
sures, cast-steel fittings are required by the U. S. Steamboat Inspec- 
tion rules. There was always danger that the large copper pipe would 
burst; and it is now the common practice to use steel for such 
purposes. 

Large steam pipe is made in sections which can be riveted to- 
gether. The smalt sizes are fitted with the ordinaiy type of flange, and 
the sections may be bolted together, a suitable gasket being used 
between the two flanges to make a steam-tight joint. The flanges are 
machined perfectly smooth, and the packing may consist of rubber and 
fiber reinforced with wire insertion, or of asbestos, or of corrugated 
copper. 

The true inside diameter of steam, gas, or water pipe is not always 
the same as the size of the pipe as popularly known. For instance, 
what is called "3-inch" pipe has an actual inside diameter of 3.067 
inches, and 3.5 inches outside diameter. The actual sizes of pipe, 
inside and outside, can be found in any handbook or steamfittcr's 
catalogue. 

LAOaiNQ 

When steam pipes are exposed to the air, a considerable amount 
of condensation will collect in them, depending on the condition of 
the surface of the pipe, on the difference in temperature between the 
steam and the surrounding air, and on the velocity of the steam 
through the pipe. This condensation will cause a large amount of 
heat to be lost to useful work, and will make the dangers of water- 
hammer possible unless carefully drained. Tests have shown tbal 
uboat a B. T. U. are lost per square foot of pipe per hour per degree 
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of dMFerence in temperature. While the loss for a few hours is not 
likely to be great, yet, if taken for an entire year throughout a con- 
siderable length of pipe, the sum total will be very large indeed. The 
following table gives some idea of the loss of heat through bare pipe at 
200 lbs. pressure: 

HBAT LOSSES IN BARB PIPES 

B. T. U. Loss 

PER Sq, Ft. 

CoNDinoM OF Pipe fxr Minute 

New Rpe 1 1 .96 

Pwnted Glosay Black 12.10 

Painted Glossy White 12.02 

Fair Condition 13,84 

Rusty 14 .20 

Coated with Cylinder Oil 13.90 

Painted Dull Black 14.40 

VARIATION OP HEAT LOSS WITH PRESSURE 

Heat Loss 
B. T. U. PER S<j. 
Pressure Ft. per Minute 

340 15.97 

200 13.84 

100 8.92 

80 8.04 

60 7.00 

40 5.74 

A full account of some interesting testa can be found in a paper 
entitled Protectitm. of Steam-Heating Sur/ace*, by C. L. Norton, Vol. XIX, 
Proceedings of the American Society of Mechanical Engineers, 1898, from 
which these tables have been taken. 

Pipe Coverings. To make this loss from radiation as small as 
possible, it is customary to cover the pipe or boiler with some material 
which will prevent loss of heat and which will not bum. There is 
considerable difference in the value of various substances as preventa- 
tives of heat radiation. Their value varies nearly in an inverse ratio 
to their conducting power; but due allowance must be made for the 
possible deterioration of the pipe covering. The following table gives 
the relative value of various substances with reference to their ability 
to prevent radiation of heat. For purposes of comparison, the value 
cf wool in taken as the standard: 
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RELATIVE VALUES OP VARIOUS PREVENTATIVES OP 
RADIATION OP HEAT 

Felt, Hair, or Wool 100 

Aahestos Sponge 98 

Air-Ceil Aabestoa 89 

Mineral Wool 68-83 

Carbonate of Magnesia 67 — 76 

Charcoal 63 

Sawdust 61-68 

Asbestos Paper 47 

Wood 40-55 

Asbestos, Fibrous 38 

Plaster of Paris 34 

Air Space (Undivided) 22 

Tliere are many patented coverings which are veiy efficient, but 
they are too numerous even to mention. The above-mentioned article 
from the Proceedings of the American Societyof Mechanical Engineers 
gives the results of tests of several of these coverings. A good pn> 
tection is afforded by air confined in minute cells, such as is to be had 
in the aiiK^ell asbestos board; this is made by cementing together 
several layers of asbestos paper which have been corrugated or in- 
dented by machinery so as to form minute air-celb. The more 
minute the subdivision of these cells, the better the protection is likely 
to be. Hair felt is one of the most efficient non-conductors, because it 
is very porous and contains a large number of air-cells. It is not one 
of the best coverings, however, because it is liable to deteriorate, and 
its life on high-pressure pipes is not likely to be more than four or five 
years. On low-pressure work it may last for a considerably longei 
time. 

Mineral wool, a fibrous material made from blast-furnace slag, 
is an efficient and noncomlmstihle covering, but Is brittle and liable 
to fall off. 

The coverings most easily applied to pipes are those applied in 
sectional form, which clasp around the pipe and are fastened by brass 
ban<ls at convenient intervals. Such coverings are made both of 
asbestos and of magnesia, and are usually of about 1 inch in 
thickness. 

A good, cheap covering can be made by wrapping several layers 
of asbestos paper around the pipe, and then covering these layers with 
a layer of hair felt perhaps J inch thick, the whole being wrapped ii> 
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canvas. On low-pressure steam pipes this covering wiH last ten to 
fifteen years. 

Corit is perhaps one of the most satisfactoiy coverings from the 
point of radiation loss, but is rather more expensive than asbestos or 
magnesia. 

It has generally been the impression that it is not economical 
to cover a pipe to more than one inch in thickness. This will depend 
upon the cost of the covering and the length of time it is likely to last. 
If it does not last more than five years, one inch is probably the most 
economical thickness; but if the life of the covering is hkely to be 
ten years or more, a second inch in thickness can be applied to advan- 
tage. For instance, in the above-mentioned tests, in the case of "Non- 
pareil cork," increasing the thickness from one to two inches raised the 
cost from $25 to $30 per 100 square feet, and increased the net saving 
in five years by $10, and by $30 in ten years. A third inch of covering 
did not produce saving enough to pay for its cost. In each case with 
the asbestos fire-board, a second inch in thickness showed a saving 
of $20 in ten years, while the third indi in thickness showed an 
actual loss from the dollars-and-cents point of view. It would be 
well to remark that it is of great importance that the pipe covering 
shoukl be kept in repair, for a loose-fitting covering is of little value. 

Boiler Coverings. Much the same remarks may be made with 
regard to boiler covering as have been made with regard to pipe 
covering, except that the covering put on boilers is usually somewhat 
less efficient and is applied in greater thickness. Probably one of the 
best coverings for a marine boiler — or, in fact, for any intemally- 
fired boiler — is a layer of air-cell asbestos board, covered with a coating 
perhaps two inches thick of magnesia or asl>estos. This comes in 
powder form, and when mixed with water can be readily applied with 
a trowel. Coverings on boilers are best placed directly against the 
shell without an air-space, so that any leak in a joint or rivet will reveal 
the spot by moistening the covering; otherwise the escaping water may 
run down through the air-space and appear at some remote point, the 
■ leak thus being difficult to locate. 

An efficient covering for boilers is made of either magnesia or 
asbestos in the form of blqpks of the proper curvature, which can lie 
directly against the boiler; but this form of covering is rather mote 
expensive than (he asbestos or magnesia cement. To secure an extra 
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hard (inisb a coating of pkister of Paris may be put on outside the 
magnesia or asbestos. No boiler or pipe covering should contain 
sulphate of lime, as this is liable to cause corrosion. 

If an internally-fired boiler is properly lagged, there is little danger 
that any lat^ amount of heat will be lost, as the beat of the fire must 
pass through the water before radiating. This is not true with an 
extcmally-fired boiler, where a considerable amount of heat may 
radiate through the brick setting of the boiler without coming in 
contact with the boiler at all. The setting of such a boiler should 
be arranged with properly confined air-spaces; o' .d an efficient pro- 
tection from the radiation of heat at the top of the boiler may be had 
by allowing a slight space between the boiler and the top covering 
for the circulation of the hot gaws of combustion. These are on their 
way to the chimney; and as they ate necessarily hotter than the water, 
in the boiler, they prevent radiation at this point. 

HORSE-POWER OF BOILERS 

The unit which we call the horse-power is arbitrary. Assuming 
that 30 pounds of steam are required per hiarse-power per hour for 
an average engine, this unit for boilers has been adopted. 

One (1) horse-power is the evaporation of 30 pounds of water 
per hour, from a temperature of 100° F. into steam at 70 pounds gauge 
pressure. This is considered equivalent to the evaporation of 34^ 
pounds per hour from and at 212° F. A boiler horse-power is equiv- 
alent to 33,327 B. T. U. per hour. 

As all boilers do not generate steam at the same pressure and 
from the same temperature of feed-water, it is necessary to reduce the 
actual evaporation to an equivalent evaporation. Unless this is done, 
the relative performances of boilers cannot be compared. 

For this comparison, the actual evaporation is reduced to the 
equivalent evaporation from and at 212° F. That is, we suppose 
the water to be fed at 212° and evaporated into steam at 212°. 
Let W = Wafer actually evaporated in pounds; 

H = Total heat of steam above 32° F., at Wtual absolute pres- 
sure; 

T = Temperature of feed water; 

w = Equivalent evaporation from and at 212° F. 

Since 966 B. T. U. are necessary to evaporate one pound of water 



byGoogle 



BOILER ACCESSORIES 





■Tiaqnuind 


|ns» »ate >a»| gs;;; jjiss jssss »«!8S ISS 




I 
I 

r 

£ 


§ 


mm %smsms nm mm 5ssp m«€« ?si 




8 


jimn ?SMS ssssa smm issss ssssi Mss* I8l 




S 


55111 5555! 'iM 55"?' §5=53 555!! 55115 115 




1 


55555 55555 55555 55555 5°5!1 5!5!5 !5555 51! 




3 


MPS 5SMS MESS. IM2S m==. SMM l?|l? ISI 




2 


51555 55555 55555 55515 55553 55555 5a!55 !!! 




3 


55555 55555 55555 55555 55555 55555 15155 555 


i 


a 


55555 55555 55555 55555 55555 55555 55515 515 




3 


se^sg %im mn i%m mm. m%% ma in 


■< 


§ 


mU% SHSS S6!SS 3=2SS SSSal Mill SM?5 ?I3 


01 


8 


55555 55555 15555 5=155 55=55 55555 55555 555 


g 


3 


15555 5555= ===55 55=55 55555 55155 55555 551 


1 


s 


essss ssssE siisa %%m S||5| mm ||8|5 555 


g 


8 






s 


51555 55=3= 5=55= 5=5=5 55=11 5!5!5 55551 111 




s 


?5555 55=5= 5555= =5533 =5=55 55555 55155 Hi 




s 


iSSS8 SS6SS S5SS! SSSSa SII85 86SII l?8Si lie 




a 


?«5=5 ====5 =5=5= 5=5=5 =5555 55155 51151 551 




s 


55555 5=555 =55!" =115= 5555^ 55555 11515 Jil 




„ 


si=E5 SSSI5 ii^f^ 2355! ?5555 15515 55511 ;!! 




e 


S55S3 SIS5S SSBSq SSSiS %iMi Um 55||i HI 




S 


El 


'^8993 sise 1 laasa issis ^^^^i^ sisss is; 



dbyGooi^le 



BOILER ACCESSORIES 81 

from and at 212° F., the equivalent evaporation may be found from 
the formula. 

Then the horse-power of the boiler is : 

"■'•■-so- 

The above method is considerably shortened by substituting for 

the quantity ^-^ 1 the number found in the accompanying 

table (page 80) which corresponds to the actual feed-water tempera- 
ture and steam pressure. 

For example, a boiler is required to furnish 2,100 pounds of 
steam per hour. If the gauge pressure is 85 pounds, and the feed- 
water enters at 50° F., what is the equivalent evaporation, and what 
is the horse-power? 

From the table, the factor for 85 pounds pressure and 50° F. is 
1 ,204. Then the equivalent evaporation would be 1.204 X 2,100 = 

2,528.4 pounds; and ^'ff^ - = 73 (approx.) = the H. P. 



CORROSION AND INCRUSTATlOlV 

There are several causes which tend to shorten and destroy the 
life of every boiler. These may be divided into two general classes, 
chemical and mechanical, and are usually the result of improper feed- 
water or of improper care. Pure water, free from air and carbon 
dioxide, has no evil effect on the iron; but all natural waters, whether 
from rain, lake, river, or sea, contain air and a little carbon dioxide in 
solution, and such water will cause iron to corrode, even though no 
other impurities are present. 

Sea water, heated under a steam pressure of 30 lbs., even if it 
contains no air, will liberate a small amount of hydrochloric acid, 
which instantly attacks the iron of the boiler unless counteracted by 
some chemical agent. 

External Corrosion. There are two forms of corrosion, external 
and internal. External may be due to faulty setting, to improper care, 
pr to moisture from external sourc« or from leakage from joints and 
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valvfs. A large amount of external corrosion is the result of setting 
boilers in a mass of brickwork, which readily absorbs moisture, and 
which, when not under fire, is likely to keep the boiler-plates damp. 
The exterior of a boiler encased in brickwork, moreover, is not so 
easily accessible, and a considerable amount of deterioration may take 
place without being readily detected. The leakage from a joint, al- 
though slight, may, if long continued, badly corrode the boiler. 

Internally-Bred boilers are supported on saddles and are easily 
accessible; and the magnesia or asbestos la^ng with which they are 
usually covered will tend to absorb a certain amount of moisture.which 
will be given olT when hot, thus helping to keep the boiler diy. If a 
leak occurs of appreciable size, the covering will become softened and 
its presence will be detected at once, and repairs can be made before 
any serious damage is done. The exterior of an intemally-fired 
boiler, being at all times Bccessible, can be properly taken care of, 
which is not true of a boiler set in brickwork. Rivets and nveted 
joints should as far as possible be kept out of contact with the hre. 

Infernal Corrosi<m. This is the result of the chemical action of 
impure feed-water. It may occur in the form of a general corrosion 
or wasting-away of the boiler-plates, or in the form of pitting or 
grooving, the effects of which are Hkely to be local. Pitting and 
general corrosion are entirely the result of chemical action, while 
grooving is the result of chemical and mechanical action combined. 

It is not easy to discover general corrosion, because it acts more 
or less uniformly over a large surface. Sometimes the rivet-heads 
rust in proportion to the plates, so that the wasting-away of the plates 
is not easily noticeable. A uniform corrosion is the hardest to detect, 
and can usually be discovered only by drilling the boiler and gauging 
the thickness of the plate. If the thickness of the plate is found to be 
materially reduced, the working pressure of the boiler should be 
lowered in proportion. 

Sometimes the water will attack the plates only in the vicinity 
of the water-line, in some instances confining the damage to a belt 6 
inches or 8 inches wide. Sometimes a few rivets below water-level 
will be corroded, the rest remaining in a comparatively good con- 
dition. Often the stays are weakened more rapidly than the plates, 
and the screw-threads of a stay may be badly corroded while the 
shank of the stay remains uninjured. 
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PHtivg. Fully acids, which are hkcly to come over in (he fcc<!- 
water if vegetable oils are used to lubricate the cylinder, are especially 
active in the production of small pits throughout the interior of the 
boiler. Pitting appears in the form of small holes or in patches from 
i inch to 1 inch in diameter, or even as irregularly shaped depressions. 
If the holes are small and close together, the plate is said to be koruy- 
combed. It is generally believed that this phenomenon, the result of 
chemical action, is due to a lack of homogeneity in the material of 
the boiler, although an entirely satisfactory explanation has not yet 
been given. Pitting may also be caused by galvanic action, which 
may fake place especially if sea water is used. As pitting occurs 
when there is no cause whatever for galvanic action, this can be only 
a secondary cause at best. It is reasonable to suppose that acids will 
attack the most susceptible portions of the plate; and if there is any 
lack of homogeneity in the iron, it is probable that the places or spots 
most favorable to chemical attack will suffer first, 

Groovingf. Grooving is probably the result of straining, springing, 
or buckling of the plates, aided by local corrosion or by the same forces 
which cause pitting. Straining of the plates may be due to insufficient 
or improper staying, thus causing the plates to spring back and forth 
as the steam pressure varies. This phenomenon is most commonly 
found in stationary boilers of the "Cornish" or "Lancashire" tj-pts 
appearing in the flat end-plates around the edge of the angle iron, or 
in the root of the angle iron. Too rigid staying of the ends by gussets 
or diagonal stays, or too great a difference in expansion between dif- 
ferent parts, is almost sure to produce grooves. 

Internal grooving may be caused as the direct result of excessive 
calking, which, by injuring the surface of the metal, exposes it to the 
corrosive action of the feed-water. It is to be expected that if strains 
which cause the plates to come and go are set up in the boiler — 
especially if the stresses can be concentrated along a definite line — a 
weakness will be developed there, and it will be a susceptible point 
for chemical attack. Sometimes grooving is so fine as to appear to 
be a mere crack. But the crack, although perhaps only 5*1 inch in 
width, may extend into the plate for a -considerable depth. Grooves 
arc not readily detected, and if allowed to continue for any length of 
time are hkely to produce serious results. 
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Prevention. The best way to prevent internal corrosion is to 
use water that has no corrosive effect on the plates. If internal cor- 
rosion has begun, a change of feed-water may prolong the life of the 
boiler, but in many instances it is cheaper to build a new boiler than 
frequently to change the water supply. Sometimes the introduction 
of a thicker plate at plaees where the water is found to be most active 
will be advisable; but, as tlicse plates are stronger than the rest of 
the boiler, the strains will not be uniformly distributed, and stresses 
are likely to concentrate along the edge of this heavy plate, which will 
be a susceptible point for the formation of grooves. 

The acidity of the feed-water may be neutralized by some alka- 
line substance, such as soda, before it enters the boiler. The amount 
-of soda to be used varies with the acidity of the wafer; but it should 
always be used in the smallest possible quantity, as the soda is likely 
to produce priming in the boiler and will be injurious if there is much 
salt present. Vegetable oils should not be used for cylinder lubri- 
cation if the condensation is to be fed back to the boiler, as such oils 
contain acids which will always produce injurious effects. Mineral 
oils alone should be used. 

To allow for a general corrosion, -j\ inch to ■[', inch extra thick- 
ness of shell should be provided. All seams of a boiler should be 
tight, and no welded tubes should be used, as pitting and grooving 
are likely to occur in the vicinity of the weld. When not in use, no 
moist air should be allowed in the boiler, A boiler can be thoroughly 
dried out either by the application of heat or by placing in it lime, 
which will readily absorb the moisture. 

The water fed to the boiler should be thoroughly filtered to re- 
move as much grease as possible, for, although mineral oil is not likely 
to cause pitting, it has a serious effect in the formation of boiler scale. 

Incrustation. The incrustation formed by the accumulation of 
the deposit of sediment in the feed water, is called acaU or sludge. 
The solid matter in the feed-water may be predpitated by the rise 
in temperature, or left behind as the result of the evaporation of the 
water. These solids, unless blown out, are liable to become hardened 
on the inner surface of the boiler, A thin coating ot scale in itself 
is beneficial, for it keeps the water from direct contact with the iron, 
and prevents corrosion and pitting; but the danger is that if a thin 
scale forms, a thicker one will form, and this heavy scale, being a poor 
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conductor of heat, not only causes considerable waste of fuel, but 
allows the plates next the furnace to become overheated, with the 
result that they are likely to give way, and the boiler may collapse. 

The amount of solid matter in solution is measured in grains per 
U. S. gallon. The quantity varies greatly in waters from difTerent 
sources, but is seldom over 40 grains per gallon. It is not the quantity 
of matter in solution, but its nature, that determines the influence of 
feed-waler. With proper attention to the boiler, the presence of a 
certain amount of carbonate or sulphate of soda would not be injurious ; 
while the same number of grains per gallon of salts of lime would 
cause serious trouble. Salts of lime (calcium), together with car- 
bonate of magnesia, are the solids most frequently found, and are the 
most troublesome. Hard water contains considerable quantities of 
lime. So-called soft water has usually but little solid matter in sus- 
pension, but it may contain vegetable or organic impurities that will 
cause corrosion or pitting. 

The oil used in the engine is likely to get into the boiler through 
the feed-water, if it is not carefully filtered or passed through a grease' 
extractor. The oil is likely to be deposited on the sides and tubes of 
the boiler, and not only is a poor conductor of beat, but, mingling 
with the sediment which is precipitated from the hot water, pro- 
duces a mixture which is readily baked onto the boiler-plates and is 
especially obstinate and difficult to remove. There are eflBcient 
grease-extractors now on the market, which will remove practically 
eveiy trace of oil. 

Carbonate of Lime. Carbonate of lime is held in solution in water 
by an excess of carbon dioxide. As the water is heated, the excess of 
carbon dioxide, or carbonic acid, is driven off, and the carbonates will 
be precipitated in the form of a whitish or grayish sediment of the 
consistency of mud. If these precipitates are not mixed with im- 
purities, they may be washed out of the boiler after it has been allowed 
to cool; but if there is oil, oi^nic matter, or sulphate of lime, the 
deposits are likely to become hard. They may readily be drawn off 
through the bottom blow-out; but if there is much pressure in the 
boiler, the blow-out valve should be opened only for a very short time. 
If a considerable amount of water is blown out while the boiler is still 
veiy hot, a large part of this precipitation is likely to be baked onto the 
tubes and interior of the boiler in a manner that defies removal. Short 
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ami frequent blowings wilt accomplish the desired result; for wlule 
the boiler is in tction these precipitates are more or less in motion, and 
frequent blowing will keep the boiler clear. Oil and various organic 
matters rising to the surface can eaiiily be removed by frequently 
opening the surface blow-out. 

Sidphate of Lime. This troublesome salt, like the carbonate of 
lime, is precipitated with a rise of temperature ; and at 280° F., none 
is left in solution. This sediment is likely to form a hard, adhering 
scale; but if a little carbonate of soda, or soda ash, is introduced with 
the feed water, calcium carbonate is precipitated in the form of a 
white powder which can be readily washed out. The carbonate of 
soda should be introduced at regular intervals, a portion of it being 
dissolved in water which can be mixed with the feed in the hot well. 
As little soda as possible should be used, as it is likely to cause priming 
and foaming. The hardness of the scale formed by the sulphate of 
lime depends on the other impurities in the water and on the tempera- 
ture; and consequently the amount of soda that can safely be used can 
be determined only by trial. Ammonium chloride, commonly called 
aal-ammoniae, is sometimes u^ to break up these lime compounds, 
but is not always desirable, as it may break up the chlorides if other 
conditions are right, thus forming free chlorine, which attacks the. 
boiler. 

Carboncde of Magneaia is seldom found in such large quantities 
as calcium salts. Like the carbonate of lime, it is precipitated in hot 
water. If there is any oil or organic matter present, it is likely to 
form an injurious precipitation. 

Iron SalU form a reddish incrustation which is very injurious to 
boiler-plates. Brakish water containing chloride of magnemum is 
also injurious; for, when heated, the chloride decomposes, forming 
magnesia and hydrochloric acid, the latter rapidly corroding iron. 

A piece of thick scale broken from the plates of the boiler, will 
show a series of layers of various thickness, some of them crystalline 
and some amorphous. Between these hard layers are frequently 
found-layers of soft or earthy matter. 

Nothing definite is known in regard to the loss of heat caused by 
scale on heating surfaces, for there are too many circumstances to be 
considered to admit of exact calculation. It has been stated that a 
layer i't inch thick in the tubes of multitubular boilers, is equivalent 
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to a loss of from 15 to 20 per cent of fuel. The loss increases rapi^Uy 
with the thickness of the scale. A uniform coating of scale is not 
nearly so harmful as irregular deposits, for in the latter case the evil 
effects of overheating are likely to be produced, and overheating will 
result where it is least suspected. 

Prevention. Incrustation may be prevented by precipitating the 
scale-forming substances before the feed-water reaches the boiler, 
by the introduction of chemical compounds to neutralize the evil 
effects, or by removing the sediment before it becomes hard. Scale 
may, of course, be removed by hand from the interior of die boiler; but 
this is a slow and tedious process. One of the chief objections to 
removing scale by hand is that the surfaces of the boiler are likely to 
become abraded by the chipping tools, and this offers excellent oppor- 
tunity for pitting and local corrosion to set in. 

Scale has sometimes been removed by blowing the boiler off at 
comparatively high pressure, and then filling it with cold water. This 
causes a severe contraction of the plates, and is likely to loosen the 
scale; but it wilt at the same time cause serious injury to the boiler, 
and is a practice that should not be tolerated. 

After the impurities are deposited in the boiler, they may be 
removed by the blow-out apparatus; and if it is possible to "lay off" 
the boiler occasionally, it should be allowed to cool down slowly, and 
tlien the water may be drawn off and the boiler properly washed out. 
A considerable amount of heat is abstracted from the boiler by fre- 
quent blowing-off, and this is a matter of direct loss, but it is nothing 
like so much as would be caused by the formation of scale. 

Water may be purified to a certain extent by passing it throu^ 
a purifier before allowing it to enter the boiler. The carbonate and 
sulphate of time are precipitated at the same time that the water is 
heated- The purifier was referred to under the topic of "Feed- 
Water Heaters." The use of soda for the neutralization of sulphate 
of lime has already been spoken of; but various compounds are on 
the market for overcoming the evil effects of other solids; and it is 
possible, by an analysis of the feed water, to prescribe a boiler com- 
pound that will give satisfactory results. Cheap compounds, sold - 
without reference to the analysis of the feed-water, should be avoided. 
Caustic soda may be used instead of the carbonate, but should be used 
in small quantities. A rapid circulation of the water will prevent the 
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(pnoation of scftle, the sediment being swept from the tubes or shell 
into the mud-dnim, whence it may be blown off. This is one of the 
chief advantages claimed for water-tube boilers. 

Zinc plates have frequently been used to prevent corrosion and 
incrustation. The brass fittings are likely to set up a galvanic action 
wiUi the steel plates; but if the ^nc is put in, it will be acted upon 
instead of the iron, which otherwise might be rapidly wasted. It ia 
claimed that this galvanic action prevents the formation of srale by 
liberating hydrogen at the exposed surfaces. The zinc neutralizes 
the free acids by combining with them, and takes the place of iron 
in cau»ng precipitation of copper salts when present. 

Kerosene oil is used to a considerable extent to prevent the forma- 
tion of scale and to assist in its removal. It breaks up and loosens 
hard scale, and prevents its formation. About one quart a day is 
sufficient for each 100 horse-power of the boiler. 

BOILER EXPLOSIONS 

Safety is one of the first requisites in a steam boiler, and must be 
assured not only by proper design in the beginning, but by subsequent 
care and proper maintenance. The evil effects of corrosion and 
. incnistaljon have been clearly shown; and it is apparent that a boiler 
which has suffered materially from either cause is not in condition to 
stand full steam pressure. Since the explosion of a boiler, especially 
in a city or a factory, is likely to prove fatal to many people and to 
cause the destruction of considerable property, not only by the ex- 
plosion itself but also by fire, which almost invariably follows such an 
occurrence, it is impossible to lay too great emphasis on the necessity 
of seeing that the boiler is in proper working condition. 

All boilers must be carefully tested — ^land boilers, by the State 
Inspectors; marine boilers, by the United States Inspectors. The 
boilers are carefully examined inside and outside, and subjected to a 
hydraulic pressure test 50 per cent greater than the designed pressure 
of steam; and if there is the slightest sign of pitting or corrosion, the 
boiler-plates may be drilled and the thickness calipered, the hole being 
refilled by a proper plug. If a boiler passes inspection, a subsequent 
explosion will probably be the result of mismanagement, althou^ 
inspection is not infallible. 
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The owner of the boiler is usually held liable in case of explosion; 
but may protect himself from fioanciat loss by insurance against 
accident in any of the boiler insurance companies. If so insured, the 
Insurance Inspector, as well as the State Inspector, examines the 
boiler; and there is consequently less likehhood of an explosion, for 
an insurance inspector will naturally be exceedingly careful in th? 
interests of his company. 

The damage done by an explosion is due to the energy stored in 
the hot water, which enei^ can be calculated by thermodynamic 
methods. If a boiler contains a large quantity of water at high pres- 
sure, and that pressure is suddenly relieved, as would happen in case 
of rupture, a considerable portion of this large volume of water will 
be turned instantly into steam, and the resulting explosion will ensue. 

When a fracture starts in a boiler-plate, the steam escaping 
through the rent or opening tends to diminish the pressure rapidly 
within the boiler; and this causes the rapid formation of a laige 
amount of steam. It must be remembered that the water in the boiler 
at high pressure Is held In the form of water only because of the high 
pressure exerted on it. If this pressure is relieved, large quantities of 
water will evaporate into steam at once, without the application of 
further heat. This almost instantaneous formation of a large quantity 
of steam prevents the boiler pressure from dropping, and the fracture 
naturally widens. The larger the body of hot water, the greater the 
disaster. This accounts for the relative safety of water-tube boilers. 
The division of the water in such a boiler into small masses in different 
sections, prevents a violent explosion. Should a water tube bum 
out, probably nothing more serious would happen than the rapid 
escape of a considerable quantity of steam, which might fill the boiler- 
room, drive out the attendants, and ultimately cause the destruction 
of the boiler because of the absence of water together with a hot fire. 
It would be necessary for several water tubes to burst at once in order 
that there should be serious damage from such an accident. 

Energy. The available energy in one pound of hot water at 
150 lbs. absolute pressure and 358° F., is about 42,800 foot-pounds; 
that is, it is sufficient to move one pound nearly eight miles; and if at 
250 lbs. pressure, it has sufficient energy to move, it nearly twelve 
miles. This enei^ may be determined somewhat as follows: From 
the table of the properties of saturated steam, given in the back of the 
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book, it is seen that at 150 lbs. absolute pressure (approximately 135 
gauge), the temperature is 368.26* F. The heat contuned in a pound 
of hot water at this temperature will be 330 B. T. U., equivalent to 
330 X 778 = 256,740 foot-pounds. This represents the total heat 
energy in one pound of hot water at boiler pressure; but since one 
pound of steam at atmospheric pressure contains very many more 
heat units than a pound of water at 150 lbs. pressure, it is apparent 
that only a portion of this water can evaporate into steam, the balance 
remaining as hot water. About 17 per cent of the total energy will be 
thus available in vaporizing the water into steam; or, approximately, 
42,800 foot-pounds per pound of water will be developed. The 
remaining heat is in the form of hot water. 

A cylindrical boiler 5 feet in diameter and 16 feet long is likely to 
contain about 6,600 pounds of water and 22 pounds of steam. Neg- 
lecting the eneigy of the steam, which is relatively small, the energy 
in the water due to its expansion from water at boiler pressure into 
steam at atmospheric pressure, will be approximately 6,600 X 42,800 
= 282,480,000 foot-pounds, or 141,240 foot-tons. 

Amarineboiler 13feet in diameter and 12 feet long would develop 
approximately twice this energy, which would be about equivalent 
to the energy developed by the explo»on of a ton of gunpowder. The 
explosion of one boiler on a modem battleship would develop su£Bcient 
power to lift the ship completely out of the water. Of course it must 
be realized that a large part of this energy is lost, and considerable is 
consumed in the destruction of the boiler itself, which leaves but a 
comparatively small amount to be expended in wrecking the im- 
mediate surroundings; but it nevertheless is a fact that the energy 
developed in thie explosion of a lai^ boiler is almost beyond the power 
of comprehension. 

Csuses of Explosions. Boiler explosions - are usually the 
result of low-water, grease, or scale. The two latter, by preventing 
the transmission of heat from the water, are likely to cause undue 
overheating of the furnaces or tubes, which may result in their collapse; 
these two causes — grease and scale — have been discussed under the 
subject of "Incrustation." 

Low water may be caused by failure of the water glass to indicate 
properly the amount of water in the boiler, or by failure of the feed 
pump to work properly. 
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Safety-valves have been known to be rusted to tlieir scats so 
tightly that they failed to work at the proper time. 

It is seldom that a boiler can fail as the result of defective design, 
for the laws in regard to construction, especially of marine boilers, are 
very definite. Defective workmanship or material, however, cannot 
be easily discovered; and it is possible that corrosion or incrustation 
may take place locally, without being readily detected; and, indeed, 
boiler-plates may even be tapped, and their thickness calipered, 
without discovering small local weaknesses which later may cause 
disaster. Alinute fractures which escaped the Inspector's detec- ' 
tion have later become serious. The majority of explosions can 
undoubtedly be traced to mismanagement in either care or operation. 

Defective Design. If a boiler is improperly set; if the stays are 
too small, too few, or cut or bent to clear floats, pipes, etc., danger is 
likely to result therefrom. All manholes, large handholes, or domes 
should be strengthened with a reinforcing plate to make up for the 
material cut out. If the boiler is set too rigidly on its seating, without 
proper provision for its expansion, trouble is likely to follow. A 
defective water circulation is likely to cause excessive incrustation and 
unequal expansion of the plating, which is liable to open seams and 
produce fractures in the plates. 

Deterioration. The strength of a boiler is likely to be impaired 
by fractures, general corrosion, pitting, or grooving. But external 
corrosion is the cause of many disasters. It proceeds unnoticed in 
many cases, and rupture may occur when least expected. In the dis- 
cussion of "Corrosion," it was shown that improper setting of the 
boiler would cause or at least aggravate external corrosion ; and that, 
on account of the close setting of the boiler, it was not ea.sy to got at 
the plates to examine them. The strength of a boiler originally suf- 
ficient to sustain high pressure may become suddenly re<lucc<l by over- 
heating or over-straining, either of which weakens the plates. Over- 
heating may be caused by poor circulation, lackof water, or the aecu m- 
ulation of sediment or scale. Over-straining is caused by sudden 
cooling and contraction, or equally by sudden expansion. In starting 
the fire in a Scotch boiler — or, in fact, in any boiler with a large quan- 
tity of water — care must be taken that the fire is starte<l slowly, or the 
boiler, becoming overheated locally, will develop excessive strains. 
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Defects of Wtfrkmanship. Defwtive workmanship is not of so 
frequent occurrpnce under present conditions as formerly, when many 
defects used to be produce*! by careless punching of plates; but for 
most boilers, and for all marine boilers at present, punching is pro- 
hibited; the holes must be drilled, and the plate edges planed and 
carefully calked. A rigid inspection of material is required, and there 
seems little danger of unsatisfactory work. Cheap boilers may of 
course be subject to various defects, but a good boiler should be free 
from such troubles. Material may be defective and may not be 
readily detected; but the careful tests now required, especially in 
marine work, reduce these possibilities to a minimum. 

Mismanagement. The pressure in a steam boiler may rise 
above that at which the safety-valve has been set to operate, because of 
corrosion or overioading of the valve. Stop-valves are sometimes 
placet! between the boiler and the safety-valve; but this practice 
should be condeQincd, as It is possible that the slop-valve may be 
closeil when the fireman thinks the safety-valve is open to the boiler 
pressure. If tlie size or lift of the safety-valve is too smalt, steam may 
lie generated faster than it can escape, in which case the pressure will 
ri.se in spite of the safety-valve. It has been claimed that the blowing- 
off of the safety-valve when the boiler is under excessive pressure may 
l)c the cause of starting an explosion; but the reason why this should 
be so does not seem to be especially clear, and it seems to be improl>- 
able if the opening of the safety-valve is sufficient to cause a reiluction 
in pressure. Safety-valves have sometimes been loaded down tem- 
porarily to prevent leakage at working pressure; but such a practice 
is little short of criminal. If a safety-valve leaks, it should be re- 
ground, but under no circumstances .should the weight on the lever be 
altered. 

It is a common idea that when the furnace plates become very 
hot, perhaps heated to rcdnes,s, due to a lack of wafer, and the feed is 
turned on, a violent explosion is sure to follow. Experiments show 
that when a piece of wrought iron is heated to redness and plunged 
into a weight of water three or four times greater than that of the iron, 
a comparatively small quantity of steam is disengaged. Tlicre is no ■ 
reason to believe that this quantity would be greater if the iron were 
jn the form of a boiler tlian in the form of a pk(e. If a small quantity 
of water were admitted to hot plates, the danger would 
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be greater; and while a boiler under this condition might explode, 
the comparatively small quantity of water in it would make the re- 
sulting danger much less than if the boiler were under working con- 
ditions. 

The following experiments illustrate the action of cold water on 
hot plates. A boiler 25 feet long and 6 feet in diameter was heated 
red hot and the feed turned on. No explosion occurred ; but the sud- 
den contraction of the overheated plates caused the water to pour out 
in streams at eveiy seam and rivet-hole as far as the fire-mark extended. 
In another instance, the water was almost entirely drawn olf while the 
fires were burning briskly. When the remaining water had been con- 
verted into steam and all the fusible plugs melted out, water at the rate 
of 28 gallons per minute in a series of fine jets was played on the hot 
plates. Such treatment may ruin a boiler for further service, though 
the boiler may not explode. 

That a tough paper or cloth is easily torn when once a tear is 
started, is a well-known fact. Similarly a boiler-plate may be rup- 
tured at slight pressure if a fracture has been started. 

The position of the fracture or hole has a great inQuence on the 
results. In case a large rent occurs at the top of a cylindrical boiler, 
the steam and hot- water niay blow out of the hole; and flie boiler, if 
strongly enough seated to stand the reaction, will remain on its seat 
The damage to the boiler would be slight. But suppose the same rent 
were situated on the under side of the boiler near the ground or floor; 
the effect would be very different, the reaction of the escaping steam 
would probably blow the whole boiler through the roof. 

Investigation. When an explosion occurs, it should be investi- 
gated, not only to fix the responsibility where it belongs, but also to 
provide for and take means to prevent future disasters. It has been 
customary to attribute all explosions to low water, since it is an easy 
way to throw the responsibility from the makers or owners upon the 
fireman, who, even if living, cannot defend himself. In the investi- 
gation of an explosion, the weights, shapes, positions, and directions 
of the scattered pieces should be noted, so that their ori^nal places 
may be known. The original size and shape of the boiler and of the 
fittings should be known as accurately as possible. The primary rent 
may be discovered from comparison and from deductions of the 
directions taken by the heavier pieces. Light pieces will generally 
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take the direction of the escaping ateam, while the heavy parts take an 
opposite direction, that of the reaction. A careful examination of the 
pieces, noting the age of fractures, thickness of plates, amount of 
corrosion, condition of plates, etc., will generally show the cause. A 
test of the plates will in many cases show any softening or yielding to 
the pressure and excessive thinness caused by bulging. 

Prevention. The means taken to prevent boiler explosions 
from most of the above-mentioned causes, have already been given. 
It is of primary importance that at the start only a well-designed and 
well-made boiler should be used. The matter of type is not of so 
much importance; but it is well to use a sectional boiler in large cities 
or in buildings where many people are employed. There are many 
methods, some of which have been discussed, that are taken to pre- 
vent deterioration by corrosion, fracture, etc. Proper setting is of 
great importance in this matter. Mishaps from mismanagement 
may be greatly lessened by the employment of licensed attendants. 
A boiler should never be in the hands of a man who is not thoroughly 
competent to run it. The most effective method to prevent explosions 
is the law of the State, compelling regular, thorough inspection and 
licensed firemen. The inspection by the Boiler Insurance companies 
is also an efficient method. 

During a period of eleven and one-half years, 70,000 Iwilers were 
inspected by Boiler Insurance companies. It was estimateti that there 
were 140,000 in use during that time. Of the inspected boilers, there 
were 23 explosions and 50 collapses, resulting in 27 <leatlis from ex- 
plosions, and 28 deaths from collapses. The explosion rate was 1 in 
11,000; and the death rate, 1 in 14,fiOO. The uninsured boilers did 
not make so goo<l. a showing, the death rate I)eing 1 in 5,000 Iwilcrs, 
or alxiut 3 times as high as among the insured Imilers. 

FUEL 

There are various kinds of fuel used in steam production, loca- 
tion, cost, and- the exigencies of the case being the deciding factors. 
Usually the kind of fuel is determined upon, and the boiler designed 
with thatend in view. Sometimes, however, the fuel must be adapted 
to the boiler. 

Coal. Coal is not only the most important fuel, but in many 
localities the only one available. It is ot vegetable origin, being the 
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long-decayed product of ancient forests. Frequently it occurs so 
mixed with earthy matter as to be of little value; but the supply of 
good coal is stilt abundant, and likely to be so for some time to come. 

The most Important elements in coal are hydrogen, producing 
62,000 B. T. U. per pound, ami carbon, producing 14,500 B. T. U. 
per pound. Although several coals may have the same total per- 
centage of combustible material and ash, the heat values may not be 
the same, because heat value depends upon the amounts of hydrogen 
and carbon they contain. The heat value of fuels is determined by 
chemical analysis, or by calorimetric test, and varies for coal from 
different localities. The following table is compiled from several 
sources: 

ANALYSIS AND HEAT VALUE OF VARIOUS COALS 
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Penn. Anthracite 


3.49 


14,199 


14.70 


Penn. Anthraglte 


2.90 


14,221 


14.72 


Penu. Cannel 


15.02 


13,143 


13.60 


Penu. Oonnellavllle 


6.50 


13,368 


13 84 


PeoD. Semi-bit umiaouB 


10.70 


13,155 


18.62 


Peon. Brown 


9.50 


12,824 


12.7S 


Kentucky Caking 
Kentucky Cannel 


2.75 


J 4,391 


14 89 


2.00 


15,198 


16.76 


Kentucky Lignite 
Indiana Cakine 
Indiana Cannel 


7.00 


9,326 


9.65 


5.M 


14,146 


14.64 


6.00 


13,097 


13.56 


Maryland Cumberland 


13.88 


12,226 


12.65 


Arkaneas Lignite 


5.00 


9,215 


9.54 


Colorado Lignite 


9.25 


13,562 


14.04 


Texas Lignite 


4.60 


12,962 


13.41 


Washington Lignite 


3.40 


11,5.51 


11.96 



In practice, no fuel gives its theoretical evaporation value. On 
account of several losses that are inevitably incurred, heat is radiated 
from, and conducted away by, the boiler setting. The admission of 
too much air into the furnace, either through the doors or tlmiugli 
cracks in the setting, reduces the theoretical evaporation value. Im- 
proper firing causes considerable loss; and errors in design, con- 
struction, or setting reduce the efficiency. 

The different kinds of coal are too numerous to be easily named, 
but in general they may be classified as anthTOcite or bituminous, com- 
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monly called heard or »oft respectively, of which there are various sub- 
divisioDS. 

Anthracite. Anthracite coal consists almost entirely of carbon, 
but has a small amount of hydrocarbon. Good anthracite is lustrous, 
hard, flinty, but breaks up easily under high temperature. It bums 
with very little flame and smoke, and gives an intense beat. It does 
not ignite so readily as the softer varieties of coal; but once started, 
the 6re requires less attention. It is an excellent fuel where the pro- 
duction of smoke b a decided objection. 

Soni-Anthradte. This is a coal between pure anthracite and 
semi-bituminoua. It is not so hard as anthracite, and bums more 
freely. It is not so compact as anthracite, and bums with a short 
flame, the anthracite having practically no flame. 

Senl-BitiBninous. TUs is the next softer grade of coal. It 
bums more freely than either anthracite or semi-anthracite, contains 
more volatile hydrocarbon, and is a valuable coal for steaming pur- 
poses. 

Bituminous. Bituminous coal forms by far the larger portion of 
steam coal. It contains a large but varying amount of hyrocarbon or 
bituminous matter. Unless fired with care, it will produce a connder- 
able amount of smoke atxl clinkers. 

Dry Bituminous. This is a black coal with a resinous luster. 
It bums freely, and kindles with much less difficult than the anthra- 
cites. It is hard, but is easily splintered. When burning, it gives a 
moderate amount of flame, with but little smoke, and does not cake. 
It is found chiefly in Maryland and Virginia. 

Caking Bituminous. This contains less carbon and more hydro- 
carbon than the former class. It is not so black; is more resinous; 
and, under intense heat, readily forms into a solid, pas^ mass. Un- 
less frequently broken up, this pasty mass forms a blanket over the 
grate, and checks the draft Caking bituminous is a valuable coal 
for the manufacture of gas. It is mined chiefly in the Mississippi 
valley. 

Cannel. Cannel or long-flame btiuminoua coal produces a con- 
siderable quantity of smoke. It is mined chiefly in Pennsylvania, 
Indiana, and Missouri; and is a free-burning coal, with a strong 
tendency to cake. It is largely used for open-grate purposes. 

Lignite. Ligniie, or broton coal is intermediate between coal and 
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peat. It 13 made up mostly of carbon, with some moisture and 
mineral matter. Poor varieties are of little value. Good lignite 
kindles with ease, and bums freely, but is likely to contain a con- 
^derable amount of water, and unless kept in a dry place will absorb 
moisture. It is not a very good fuel, but is used in some localities 
where other varieties are more expensive. It comes largely from 
Colorado, Texas, and Washington. 

Peat. This is a form of fuel consisting of decayed roots, tree- 
trunks, etc., and earthy matter. It is found in swamps and bogs, and 
has been in process of decomposition a, much shorter time than any 
of the coals. It is cut out in blocks and dried. Peat has a specific 
gravity of .4 to .5, but it can be contpressed to a much greater density. 
It is necessary that peat should be kept in a dry place, for it will readily 
absorb moisture. 

Coke. This is made by driving off by heat the hydrocarbon of 
bituminous or semi-bituminous coals. It may be made in gas retorts, 
as a by-product of gas production; or it may be made in coking ovens, 
the gas being the by-product. The latter form of coke is more valu- 
able as a fuel. If the coal is very moist, or if steam is used in the coking 
process, as in the manufacture of water gas, the sulphur is burned out. 
Coke bums without flame; and, with a free supply of air, will make 
an intensely hot fire. 

Charcoal. Charcoal is practically never used for steam fuel, its 
chief use being for household or manufacturing purposes. It is made 
by evaporating the volatile matter from wood, either by partial com- 
bustion or by heating in retorts. About 50 bushels of charcoal can be 
obtained from a cord of wood. 

Culm. This is a name given to refuse dust at the coal mines, 
sometimes called sla4:k. It can be bought at the mines at a very low 
rate; but the cost of transportation prohibits its use except in the 
immediate vicinity of the mines. On account of its fineness, it cannot 
be burned in an ordinary grate, and is usually blown into the boiler 
with a sufficient quantity of air, where it bums somewhat like a gas. 
A grate beneath usually contains a moderate fire, which keeps the 
ciilm well ignited and prevents the loss of any particles that might 
otherwise drop out of the furnace. 

Wood. There are two principal divisions of wood — hardwood, 
which is compact and comparatively heavy, such as oak, ash, and 
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hickory ; and soft wood, which is of soft and porous texture and of less 
specific gravity, such as pine, birch, and poplar. Wood contuns 
considerable moisture, even if left to season In a dry place; and after 
being thoroughl/dried, it will absorb and retain from 10 to 20 per cent 
of moisture- Kiln-dried wood contains nearly 8,000 B, T. U. per 
pound, while the average wood, containing about 25 per cent of 
moisture, has a heating value of about 6,000 B. T. U, 

The chemical composition of different woods is nearly the same, 
and pound for pound one class of wood contains about the same 
heating value as another. Pine weighs about half as much as oak 
per cubic foot, and a cord of such wood contains about half the heating 
value that a cord of oak would contain. 

Sawdust and skamngt are frequently used as fuel in sawmilb 
and planing mills. This kind of fuel is blown into the furnace with 
air from a fan, and makes an intense heat. A fine grate at the bottom 
collects the burning embers, which might otherwise drop into the ash- 
pan. In mills where sawdust and shavings are used, they are a by- 
product. 

Straw. Threshing machines through the West use straw almost 
entirely for fuel. It gives an intense heat, furnishing 5,000 to 6,000 
heat units per pound ; and this is a quick and easy way to get rid of it 

Bagasse is the fibrous portion of the sugarcane left after the juice 
has been extracted. In the modem process of sugar manufacture, 
the cane is pressed so tightly that it is ready for fuel without further 
treating. Under favorable conditions it forms an excellent fuel. The 
pressed cane is a by-product which must in some way be got rid of, 
It is usually fed into the furnace through an automatic hopper; or it 
may be dumped in the fire-room and fed into the furnace by band. 
The furnace is constructed of brick, independent of the boilers; and 
when bagasse Is consumed at a high temperature, the oxygen contained 
in it is nearly sufficient to satisfy the carbon and hydrogen, so that 
little air from the out^de is required. Such material, of course, 
cannot be fed into an ordinary furnace. 

Liquid Fuels. These consist of petroleum and its products, and 
their use has become quite extensive in tiie last few years. The field 
would undoubtedly be wider were there less difiiculty in obtaining a 
regular and constant supply. The greatest quantities of petroleum 
oil are produced in the United States and Russia. Large quantities 
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are found on the Pacific Coast, especially in Southern California; and 
in that section of the country, oil is used as fuel to a greater extent 
than in the East, being largely uaed on tugboats, ferryboats, and loco- 
motives. 

The following, approximately, is the composition of petroleum: 
Carbon 82 to 87 per cent. 

Hydrogen 11 to 15 per cent 

Oxygen iV **> 6 per cent 

The theoretical heating power of petroleum is approximately 
20,000 B. T. U. per pound, which b nearly half a^ much again as 
that of good coal. Oil has a further advantage over coal, in that no 
unbumed fuel necessarily passes through the furnace, and there is no 
ash — an important item in marine work. 

The composition and specific gravity of petroleums vary con- 
siderably, many of the lower grades being unsafe on account of their 
low flash-point. 

The fuel is fed into the furnace through an atomizer operated 
either by steam or by compressed air. Several types of such de- 
vices are shown 
in Fig. 72. The 
use of the oil as a 
fuel can be readily 
controlled by the 
simple manipula- 
tion of a valve; and 
if the fire is once 
regulated to pro- 
duce the required 
heat, it can be kept 
at that point with 
very little care. 
The fire can be 
started with slight 
trouble, and can be extinguished instantly. The vaporizing efficiency 
of oil is much greater than that of coal; and on the Pacific Coast, 
where oil can be readily obtained, it is a much more economical fuel. 
If burned properly, without too heavy an ?ir-bla3t, there should be no 
production of smoke. A con^derable saving may be effected in the 




C Chamber BuTner 
Fig. T3. Trpes ol Atomizers tor I.li]uld Fuel. 
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fife-room force, one man being able to operate several burners. There 
is, of course, danger from explosion, on account ot vapor which 
rises from the fuel; but if the fuel tank is thoroughly ventilated, there 
is little danger from this source. 

Oil fuel may be used to advantage in what is called mixed firing; 
that is, the oil may be sprayed onto the bed of burning coal. This 
has been condemned by many engineers, but it has nevertheless gained 
considerable headway, and, under proper conditions, has given satis- 
factory results. It is beyond the scope of this work to go minutely 
into the subject of oil fuel; but for further information the student is 
referred to the reports of the Oil Fuel Boards of the U. S. Navy and of 
the British Admiralty. 

Gas. Gas has many advantages over any other kind of fuel. 
There are four different varieties — n(UuTal gas, coid gas, water gas, 
and prodtwer gas. Natural gas is used lai^ly in the vicinity of Pitts- 
burg, Buffalo, and some parts of Indiana, both for illuminating and 
for steam purposes. Where natural gas is plentiful, it is by far the 
cheapest fuel that can be used. 

Coai gas, made by the distillation of coal, and water gas, obtained 
by the decomposition of steam by incandescent carbon, have been 
used both for lighting and for fuel; but in most cases these gases may 
be used to greater economy directly in the cylinder of a gas engine 
than as fuel under a steam boiler. The same may be said of pro- 
ducer JOS, which is made by blowing steam and air through incandes- 
cent coal. 

The relative values of these gases for evaporation, are shown in 
the following table: 

EVAPORATIVE POWER OF OASES 



Natdbal Gai 


i CoalGaj 


i Water G; 


Cubic feet of gas 1,000 


1,000 


. 1,000 


Pounds of water cvap- ' 






orated 893 


501 


2G2 



Experiments in Pittsbui^ have shown that 1,000 cubic feet of 
natural gas equals 80 to 133 pounds of coal. The coal used in the com- 
parison varied from 12,000 to 13,000 B. T. U. per pound. 

The Western Society of Engineers has stated that one pound of 
good coal is equivalent in heating value to 7J cu. ft. of natural gas. 
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As in the case of petroleum, the economy of burning gaseous fuek 
depends upon the tocality. 

Artificial Fuels. The waste of charcoal, coal, sawdust, etc., is 
often pressed into cakes or brujuettes, by means of some adhesive 
mixture, with compression. Wood tar, coal tar, and clay are used, ac- 
cording to convenience. These cakes are compact, can be stored in 
small space, and are used where good fuels are difficult to obtain. 

STEAM BOILER TRIALS 

The object of a boiler trial is to determine the quantity and 
quality of steam that the boiler will supply under ^ven conditions, 
the horse-power of the boiler, the amount of fuel it takes to make the 
required steam, and its efficiency. 

The quantity of steam is taken as the amount of water evaporated, 
which, of course, is the total amount fed into the boiler during the test 
the water-level being the same at the beginning and the end. 

The quality of the steam can be determined by some form of 
calorimeter already described; and the eflficiency is the ratio of the 
heat units utilized in evaporating the water to the total heat supplied to 
the boiler. The heat utilized in evaporation can be found by multi- 
plying the number of pounds of feed-water by the number of heat 
units required to change the water at the temperature of the feed into 
steam at gauge pressure. The heat units supplied can be determined 
by carefully weighing the fuel used during the test, and deducting the 
amount of ash and unbumed fuel going through the grates, with 
proper allowance for moisture, multiplying the result by the total heat 
of combustion of the fuel. The heat of combustion can be obtained 
by calculation, or by means of a fuel calorimeter. 

Under a short test the boiler must be in good working order and 
fired for some hours before the beginning of the test, so that the brick- 
work and chimney may be thoroughly heated. Shortly before the 
test is begun, the fire may be allowed to bum low; and by reducing 
the amount of steam taken from the boiler, the pressure can be kept 
constant. The fire may then be drawn, the grate cleaned, and a new 
fire quickly started, with wood and fresh coal. Toward the end of the 
test the fire may be allowed to bum low, and at the close may be drawn 
and quenched with water, the unbumed fuel being allowed for. In 
a long test of twen^-four hours or more, this is not necessaiy. 
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If die boiler is fed by a steam pump, the pump should be run h} 
steam taken from sotne other boiler, if convenient; if not, the amount 
of steam used by the pump must be determined and allowed for. If 
the feed-water is supplied by an injector, it will take steam from the 
boiler itself . About 2percentofthis3teamiscon3umed in fordngthe 
water into the boiler, the remainder going to heat the feed-water. 

During the boiler trial, observations of temperatures and pres- 
sures should he made at the same time, and at about 15-minute inter- 
vals. In order to obtain the result of the test, the following must be 
known: 

1. Amount (ia pounds) of coal burned, and number of pounds of ashes 
left; 

2. Number of pounds of water pumped into boiler; 

3. Temperature of feed-water when it enters boiler;. 

4. Pressure of steam in boiler; 

5. Quality of steam discharged from boiler— that is, the per cent of 
moisture in the steam. 

The coal for the furnace can be conveniently weighed in barreb, 
and may be fired directly from these barrels or dumped on the fire- 
room floor. The barrels should be carefully weighed when full and 
empty, and the time recorded, so that there may be no possibility of 
counting one barrel twice or omitting any. The rate of combustion 
will be fairly uniform, and die calculations at the times of emptying 
the barrel will fairly indicate whether or not an error has been made. 
Any unburned coal should be weighed, and the amount subtracted. 

The condition of the fire for a twenty-four-hour te.st should be the 
same at the beginning and the end. This condition is estimated by 
the eye; and unless great care is used, an appreciable error is likely 
to be made If the coal consumption is 15 to 20 lbs. per square foot of 
grate surface, an error of two inches in estimating the thickness of the 
fire may cause an error of as much as 2 per cent in the final results. 
The wood used in starting the fire should be carefully weighed, 
and may be considered as equal to ^V °^ ^^ same weight of coal. 
The clinker and ashes should be carefully collected and weighed, and 
a sample of the ashes examined to obtain tlie amount of unburned 
fuel. 

There are several ways of determining the amount of water 
pumped into the boiler. The best method is to weigh it in taiik.s or 
barrels set upon standard scales. There should be two or more , 
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barrels of sufficient size, so that the fiihng and emptying may not be 
hurried. They should be. set high enough to discharge readily into 
the tank or hot well from which the feed-water is drawn. The valves 
should be lai^ and should open quickly, so that the emptying may 
not be delayed. If barrels are used, they should be numbered, and the 
.weight of each accurately noted, so that there may be no mistake in de- 
ducting the weight of a barrel from the total weight of barrel and wafer. 
When one barrel is- being emptied, the other may be filled. The 
weigher must use care and intelligence; otherwise he may become 
confused in his records, as in a boiler of considerable size the barrels 
fill and empty rapidly. At the beginning of the test, the level of the 
water in the hot well should be recorded, and at the end of the test 
should be brought to the same mark. If inconvenient to weigh the 
water.it may be measured by a meter ; but if a meter is used,itshould be 
tested and its error determined under like conditions of temperature 
and pressure. The feed-water should be free from air, as otherwise 
too large a meter reading will be recorded. 

The level in the water-glass of the boiler should be carefully notetl 
at the beginning and end of the test. If possible, the level should be 
constant throughout the test; and if there is any difference between 
the beginning and the end, due allowance shouki be made for it. 

The temperature of the feed -water can be taken best by means of a 
thermometer in a cup filled with oil screwed into the feed-pipe near the 
check-valve. If the temperature is nearly constant, readings at 15- 
minutc intervals will suffice; otherwise readings should be taken 
every five minutes. 

The steam pressure shown by the gauge should be as nearly con- 
stant as possible tliroughout the test, and should be practically the 
same both at the beginning and at the end. Gauge readings should lie 
recorded every 15 minutes, and the fireman should see that the pres- 
sure is constant. The gauge should be tested, and corrected if neces- 
sary. 

Barometric readings should also be taken, two or three Ix'ing 
sufficient for a ten-hour run. These readings, in inches, may In; made 
to indicate pounds pressure by multiplying by .401, this l)eing the 
weight of one cubic inch of mercury. If the trial is on a vertical boiler 
which fumislics superheated steam because of the heat Ix-ing in con- 
tact with the tubes above the water-level, botli the pressure-gauge uud 
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the thermometer should be used, 30 that the amount of superheating 
can readily be found by subtracting the temperature due to pressure 
(obtained from the steam tables) from the temperature readings. 

The quality of steam can readily be determined by a calorimeter. 
If there is sufficient steam space within the boiler, from 1 to 2 per cent 
priming will generally result. If the steam space is inadequate, there 
will be more priming. If more than 2 per cent priming is present, the 
steam will blow white from the gauge^x>cks when opened; if less than 
2 per cent, it will appear blue. 

The above observations are of the more important class, and miist 
be taken. In addition to these, it is well to take samples of the Sue gaa 
at intervals and from various places in the furnace or chimney, the 
object being to determine whether there is a sufficient supply of air 
admitted, or whether there is too much. The draft of the chimn^ 
may be measured by means of a U-tube partially filled with water, op 
by a draft-gauge. 

It is well to bear in mind that in making the boiler test the utmost 
care must be used, both in taking observations and in recording them, 
and in working up the results of the trial. A committee of the Ameri- 
can Society of Mechanical Engineers has recommended a code of 
rules for boiler trials, and the following standard form for recording 
results. These are too voluminous for complete reproduction, and 
they can be found in full in Vol. XXI of the Proceedings of the above 
Society for the year 1900. The following code of rules is practically 
an abstract of the above-mentioned code: 

PRELIMINARIES TO A TEST 

1. In preparing for and conducting trials of steam boilers, 
the specific object of the proposed trial should be clearly defined and 
steadily kept in view. 

2. Measure and record the dimensions, position, etc., of grate 
and heating surfaces, flues, and chimneys; proportion of air-space in 
the grate-surface; kind of draught, natural or forced. 

3. Put the boiler in good condition. Have heating surface 
clean inside and out; grate-bars and sidesof furnace Ereefrom clinkers; 
dust and ashes removed from back connections; leaks in masonry 
stopped; and all obstructions to draught removed. See that the 
damper will open to full extent, and that it may be closed when deared. 
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Test for leaks in masoniy by firing a little smoky fuel and immediately 
closing damper. The smoke will escape through the leaks if there be 
such. 

4. Have an understanding with the parties in whose interest 
the test is to be made, as to the character of the coal to be used. The 
coal must be dry; or, if wet, a sample must be dried carefully, and a 
determination of the amount of moisture in the coal must be made, 
the calculation of the results of the test being corrected accordingly, 
^lierever possible, the test should be made with standard coal of a 
known quality. For that portion of the countiy east of the Alleghany 
mountains, good anthracite egg coal or Cumberland semi-bituminous 
coal may be token as the standard for making tests. West of the 
Alleghany mountains and east of the Missouri river, Pittsburg lump 
coal may be used. 

In all important tests, a sample of coal should be selected for 
chemical analysis. 

5. Establish the correctness of all apparatus used in the test 
for weighing and measuring. These are: 1. Scales for weighing 
coal, ashes, and water. 3. Tanks or water-meters for measuring 
water. Water-meters, as a rule, should only be used as a check on 
other measurements. For accurate work the water should be weighed 
or measured in & tank. 3. Thermometers and pyrometers for taking 
temperatures of air, steam, feed-water, waste gases, etc. 4. Pressure- 
gauges, draft-gauges, etc. 

6. Before be^nning a test, the boiler and chimney should be 
thoroughly heated to their usual working temperature. If the boiler 
is new, it should be in continuous use at least a week before testing, so 
as to diy the mortar thoroughly and heat the walls, 

7. Before beginning a test, the boiler an<l connections should 
be free from leaks; and all water connections, including blow and 
extra feed-pipes, should be disconnected or stopped with blank flanges, 
except the particular pipe through which water is to be fed to the 
boiler during the trial. In locations where the reliability of the power 
is so important that an extra feed-pipe must be kept in position, and in 
general when, for any other reason, water-pipes other than the feed- 
pipes cannot be disconnected, such pipes may be drilled so as to leave 
openings in their lower sides, which should be kept open throu^out 
the test as a means of detecting leaks or accidental or unauthorized 
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opening of valves. During the test the blow-ofT pipe should remain 
exposed. 

If an injector is used it must receive steam directly from the boiler 
being tested, and not from a steam-pipe or from any other boiler. 

See that the steam pipe is so arranged that water of condensation 
cannot run back into the boiler. If the steam pipe has such an inclina- 
tion that the water of condensation from any portion of the steam- 
pipe system may run back into the boiler, it must be trapped so as to 
prevent this water getting into the boiler without being measured. 

8. A test should last at least ten hours of continuous running, 
and twenty-four hours whenever practicable. 

9. The conditions of the boiler and furnace in all respects 
should be, as nearly as possible, the same at the end as at the beginning 
of the test. The steam pressure should be the same, the water-level 
the same, the^re upon the grates should be the same In quantity and 
condition, and the walls, flues, etc., should be of the same temperature. 
To secure as near an approximation to exact uniformity as possible 
in conditions of the fire and in temperatures of the walls and flues, 
the following "lethod of starting and stopping a test should be 
adopted. 

10. Standard Method. Steam being raised to the working 
pressure, remove rapidly all the fire/rom the grate, close the damper, . 
clean the ash-pit, and as quickly as possible start a new fire with 
weighed wood and coal, noting the time of starting the test and the 
height of the water-level while the water is in a quiescent state, just 
before lighting the fire. 

At the end of the test, remove the whole fire, clean the grates and 
ash-pit, and note die water-level when the water is in a quiescent 
state; record the time of hauling the fire as the end of the teat. The 
water-level should be aa nearly as possible the same as at the beginning 
of the test. If it is not the same, a correction should be made by com- 
putation, and not by operating pump after test is completed. Itwil 
generally be necessary for a time to regulate the disclmrge of steam 
from the boiler tested, by means of the stop-valve, while fires are being 
hauled at the beginning and at the end of the test, in order to keep 
the steam pressure in the boiler at those times up to the average during 
the teat. 

11. Attemate Method. Instead of the Standard method above 
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described, the following may be employed where local conditions 
render it necessary : 

At the regular time for slicing and cleaning fires, have them 
bumed rather low, as is usual before cleaning, and then thoroughly 
cleaned ; note the amount of coal left on the grate as nearly as it can 
be estimated; note the pressure of steam and the height of the water- 
level — which should be at the medium height to be carried throughout 
the test — at the same time; and note this time as the time of starting 
the test. Fresh coal, which has been weighed, should now be fired. 
The ash-pits should be thoroughly cleaned at once after starting. 
Before the end of the test the fires should be bumed low, just as before 
the start, and the fires cleaned in such a manner as to leave the same 
amount of fire, and in the same condition, on the grates as at the start. 
The water-level and steam pressure should be brought to the same 
point as at the start, and the time of the ending of the test should be 
noted just bdore fresh coal is fired. 

12. Keep the ContUtlons Uniform. The boiler should be run 
continuously, without stopping for meal-times or for rise or fall of 
pressure of steam due to change of demand for steam. The draught, 
being adjusted to the rate of evaporation or combustion desired before 
the test is begun, should be retained constant during the test, by 
means of the damper. 

If the boiler is not connected to the same steam pipe with other 
boilers, an extra outlet for steam with valve in same should be pro- 
vided, so that in case the pressure should rise to that at which the 
safety-valve is set, it may be reduced to the desired point by opening 
the extra outlet, without checking the fires. 

If the boiler is connected to a main steam pipe with other boilers, 
the safety-valve on the boiler being tested should be set a few pounds 
higher than those of the other boilers, so that in case of a rise in pres- 
sure the other boilers may blow off, and the pressure be reduced by 
closing their dampers, allowing the damper of the boiler being tested 
to remain open, and firing as usual. 

All the conditions should be kept as nearly uniform as possible, 
suchasforeeofdraught, pressure of steam, and height of water. The 
time of cleaning the fires will depend upon the character of the fuel, 
the rapidity of combustion, and the kind of grates. When very good 
coal is used, and the combusdon not too rapid, a ten-hour test may be 
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run without any cleaning of the grates other than just before the 
beginning and just before the end of the test. But in case the grates 
have to be cleaned during the test, the intervals between one cleaning 
and another should be uoiform. 

13. Ke^Rg the Records. The coal should be weighed and 
delivered to the fireman in equal portions, each sufEdent for about 
one hour's run; and a fresh portion should not be delivered until the 
previous one has all been fired. The time required to consume each 
portion should be noted, the time being recorded at the instant of 
firing the first of each new portion. It is desirable that at the same 
time the amount of water fed into the boiler be accurately noted and 
recorded, including the height of the water in the boiler and the 
average pressure of steam and temperature of feed during the time. 
By thus recording the amount of water evaporated by successive 
portions of coal, the record of the test may be divided into several 
divisions, if desired, at the end of the test, to discover the degree of 
uniformity of combustion, evaporation, and economy at different 
stages of the test. 

14. Priming Tests. In all testa in which accuracy of results is 
important, calorimeter tests should be made of tlie percentage of 
mobture in the steam, or of the degree of superheating. At least 
ten such tests should be made during the trial of the boiler, or so many 
as to reduce' the probable average error to less than one per cent; 
and the final records of the boiler test should- be corrected according 
to the average results of the calorimeter tests. 

On account of the difficulty of securing accuracy in these tests, 
the greatest care should be taken in the measurements of weights and 
temperatures. The thermometers should be accurate within a tenth 
of a degree; and the scales on which the water is weighed, to within 
one-hundredth of a pound. 

15. As each fresh portion of coal is taken from the coal-pocket, 
a representative shovelful should be selected from it and placed in a 

' barrel or box, to be kept until the end of the trial, for analysis. The 
samples should then be thoroughly mixed and broken. This sample 
should be put in a pile, and carefully quartered. One quarter may 
then be put in another pile, and the process repeated until five or six 
pounds remain. One portion of this sample is to be used for the 
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determination of the moisture and heating value ; the other, for chemi- 
cal analysis. 

16. The ashes refuse should be weighed diy, and a sample 
frequently taken to show the amount of combustible material passing 
throu^ the grate. To get a representative ash sample, the ash-pile 
should be quartered as required for the coal. 

17. The quality of the fuel should be determined by heat test, by 
analysis, or by both. 

IS. The analysis of the flue gases is an especially valuable 
method of determining the relative value of different methods of 
firing or of different kinds of furnaces. Great care should be taken 
to procure average samples, since the combustion of the gases may 
vary at different points in the flue; and as the combustion of flue gas 
is liable to vaiy from minute to minute, the sample of gas should be ' 
drawn through a considerable period of time. 

19. It is desirable to have a uniform system of determining and 
recording the quantity of smoke produced. This is usually expressed 
in percentages, depending upon the judgment of the obser\'er. 

20. In tests for the purpose of scientific research In which the 
determination of all variables is desirable, certain observations should 
be made which in general are not necessary — such as the measure- 
ment of air-supply, the determination of its moisture, the determina- 
tion of the heat loss by radiation, the infiltration of air through the 
setting, etc. — but as these determinations are rarely undertaken, no 
definite instructions are here given. 

21. Two methods of defining and calculating the efficiency of 
the boiler are recommended. They are: 

„ __ . , .V L ■! Heat absorbed per pound of combustible 

(1) Efficiency of the boiler^ ^i-, .,; --; J- j— , — , ^-t,, ■ 

Calonnc value of one pound ot combustible 
,^: r-a: ■ . l i j . Hcftt absorbed per pound ot eoal 

(2) Emeient-y of boiler and grate = n-r -e — ■ > 3 — i v 

Lalonnc value of one pound ot coal 

The first of these is the one usually adopted. 

22. An approximate statement of the distribution of the heating 
value of the coal among the several items of heat utilized, may be 
included in the report of a test when analyses of the fuel and chimney 
gases have been made. 

23. Record of the Test. The data and results of the trial 
should be recorded in a systematic manner, according either to Table 1 
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(see Vol. XXI, Transactions of the American Society of Mechanical 
Engineers), or Table 2, taker, from those "Transactions." 
TABLE 2 
Data aad Results of Evaporative Test 

Airansod InftcoordancewiththeBhort tormtdvlwdby tlie BnEler Teaf (Vimniiiiee 
ot the Aiii«ric*n Society ot MechanlCAl Engliieeis. Coda o( ISOS: 
Hade by on boiler, at 

To determine 

Kind of fuel 

Kind of fum&ce. . % 

Method of atartinn and stopping the tent (Sltiudnrd or Allfmnff, Arts. X 

and XI, Code) 

Grate surface sq. fi. 

Water-heating surface " " 

Superiiealing mirfai^e " " 

Toteiq 



1. Date of Trial 

2. Duration of Trial hours 

3. Weight of coal as flred lbs. 

4. Percentage of moisture in coal per cent 

5. Total weight of dry coal consumed Ibti. 

fi. Total ash and refuse " 

7. Percentage of ash and refuse in dry coal per cent 

8. Total weight of water fed to boiler lbs. 

9. Water actually evaporated, corrected for moisture or 

superheat in steam " 

10; Equivalent water evaporated into dry steam from an<l 

at 212° F " 

HoHfly QiMotillo 

11. Dry coal consumed per hour lbs. 

12. Dry coal per square foot of grate surface per 

13. Water evaporated per hour corrected for 

quality of steam " 

14. Equivalent evaporation per hour from and 

at 212° F " 

15. Equivalent evaporation per hour from and at 

212° F. per wjunrc foot of walcr-healing 

surface " 

Avcrace PrcMurcs, TempcraturM, Etc. 

16. Steam presume by gauge ih.i. per sq. in, 

17. Temperature of feed -water entering boiler degrees 

18. Temperature ot escaping gases from boiler " 

19. Force of draught between damper and boiler . . . iii.'^. of wn.1 er 

20. Percentage of moisture in steam, or number ot 

degrees of superlieating jier cent or degrees 
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21. Horse-power developed (item 14 -i- .144) H, P, 

22. Builder's rated horse-power " 

23. Perrentago of Iniilder's rated horse-powor dcvcloprc! . . . per rent. 

Econonlc ResulU 

24. Water apparently evaporated under actual conditions per 

pound of coal as fired (item 8 -;■ item 3} lbs. 

25. Equivalent evaporation from and at 212' F. per pound 

of coal as fired (item 10 + item 3) " 

2ft. Equivalent evaporation froin and at 212° F. per pound of 

dry coal (item 10 -^ item 5) " 

27. Equivalent evaporation from and at 212° F. per pound of 

combustible [item 10 -i- (item 5 - item 6)] " 

It items 25. 2fl. and 27 are not corrected tor quality of sleun. the tact Bhould be 

EfficlHicy 

28. Calorifie value of the dry coal per pound B. T. IT, 

29. Calorifir value of tlie eombuslible per pound " 

30. Efficieney of boiler (based on combustible) per cent. 

31. Efficiency of boiler, including grate (based on dry coal) " 

Cost at Evaporation 

32. Cost of coal per ton of lbs. delivered in boiler-room S 

.33. Cost of coal required for evaporating 1,000 lbs. of frater 

from and at 212° F 

A log of the test should be kept on properly prepared blanks 
containing headings as follow.s: 













TABLE NO 
















PRESSCRES 


■3 


TEUPEKATUItKH 


i 


""■• 


FBKD.WATER 


.... 


1 


1 
i 


1 
1 


1 
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i 
p 


1 


1 


i 

































FIRING 

Starting the Fire. The fireman should first a,scertain the wafer- 
level; as the gauge-glass is not always reliable, on account of im- 
purities, foam, etc., the gange-ciwks shoiilil be trie<I. In a batten 
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of boilers, the gauge-cooks of each should be opened, for the water 
may not stand at the same level in each. The safety-valve should be 
raised slightly fram its seat. If the fire has been banked over night, 
open the draughts, and rattle down the ashes and clinkers from the 
grate. In case the fite has been allowed to go out, a new one may be 
started if the gauge^lass shows the proper amount of water, and the 
valves work well. 

If anthracite coal is used, first throw a thin layer of coal all over 
the gr&t«, then place a piece of wood across the mouth of the furnace 
just inside the door and lay other pieces of wood at right angles to 
the CTDss-piece with the ends resting on it. Thb allows a space under 
the wood for air. Now throw on coal until the wood b covered. The 
fire may be started with oily cotton waste, shavings, or any combustible 
material. 

Keep the furnace door open and the draught-plate closed until 
the wood is burning freely, which causes the flame to pass over and 
through the coal and to ignite it. The Are is then spread or pushed 
back evenly over the furnace bars; the furnace door closed ; the ash- 
pit door opened, as the draught requires; and more coal added when 
necessarjr. If bituminous coal is used, do not spread a thin layer over 
tiie ^rate bars uuil'*r the woo<l. 

Tho fire at the rtart should be slow, to cause gradual, uniform 
heating ot the water and various parts of the boiler. If steam is 
raised too rapidly, enormous strains are set up, due to unequal expan- 
sion, thereby causing leakage at joints., and perhaps rupture 

If the boiler is of the water-tube type, steam may be raised mope 
rapidly, because the amount of water is less and the joints are usually 
placed at some distance from the intense heat of the fire. 

The fire being started, the method of adding coal depends uixsn 
the fireman, the kind of coal, the type of boiler, and the rate of com- 
bustion. There are three general methods of firing — apreading, 
alternate or side firing, and coking. 

Spreading is accomplished by placing small amounts of coal 
uniformly over the entire surface of the grate at short intervals. By 
this method, the coal is thrown just where it is wanted and then not 
disturbed. The fire should be hollowed in the center; that is, it 
should be thicker at the sides. Good results are obtained from this 
method, since the fire can be kept in the right condition at all times. 
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if the coal is of the right sort. During the operation of firing, the 
door should be kept open as little as possible, or the fire will be cooled 
by the entrance of cold air. For a short time, while the coal is giving 
off gas, the draught-plate of the furnace door should be opened, in 
order that sufficient air may be admitted above the coal to bum the 
hydrocarbons. 

When the alternate or side firing method is used, coal is spread 
so as to cover one side of the fire completely at one firing, leaving the 
other side bright. At the next firing, the bright side is covered. The 
hydrocarbons given off by the fresh coal are burned by the hot gases 
from the incandescent coal. This method is superior to spreading, 
because the entire furnace is not cooled off by the addition of fresh 
fuel. 

Side firing Is most advantageous with two furnaces leading to 
a common combustion chamber. The furnaces are fired at regular 
intervals with moderate charges of coal, and the draught-plates are 
opened while the coal is giving off gas. 

The two sj'stems described above are best adapted to anthracite 
coal, since it bums with comparatively litde smoke. 

With bituminous coal, which is soft and bums with considerable 
smoke, the coking method is used. The coal is piled on the grate just 
inside the door, and allowed to coke from 15 to 30 minutes. During 
this time, the hydrocarbons are driven off and burned by the heat 
from the fire. In order fully to accomplish this, air must be admitted 
above the grate through the draught-plates of the furnace door, 
The coke is then pushed backward over the fire, and a new supply 
placed on the front of the grate. The air admitted prevents the foraa- 
ing of carbon monoxide gas and smoke. At the same time, however, it 
cools the furnace somewhat and reduces the rate of evaporation; but 
this objection is not serious unless a boiler must be worked to its maxi- 
mum capacity in order to furnish the required amount of steam. If 
this is the case, economy is sacrificed to rapidity, for a low rate of 
combustion is usually more economical than a high rate. 

The necessary thickness of a bed for the best results, is found by 
experiment. It depends on the draught and the kind of coal used. 
If the former is strong, and the coal in large lumps, the lied may- be 
thick (about one foot); but if the draught is weak, or if the coal is 
small, the bed must be thin (about three or four inches), so that suffi- 
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dent air may pass through. In marine ami locomotive work, with 
forced draught, the bed must be very thick to get a large coal con- 
sumption per square foot per hour. With the same draught, bitu- 
minous coal can be fired more thickly than anthracite. 

After finding from experiment the best thickness for the bed, keep 
it at that thickness. Always keep the bed of uniform thickness, and 
never let tlie fire bum holes in the bed, and do not let the rear of the 
grate Ixt-ome Imn-. If a larger amount of steam is required, fire 
smaller quantities at more frequent int€r^•al3. Do not fire a large 
amount of coal, and wait for the pressure to rise The firing of fresh 
coiil chills the fnmace and temporarily retards combustion. The 
coal yhould be iire<l in small quantities and as quickly as possible. 
Keep the fire free from ashes and clinkers, but do not clean the fires 
oftcner than is neeessan'. 

Four tools are use*! for cleaning the fire — thes/icc-fcar; tiiepriek- 
bar; the clinker hook, sometimes called the deviVa daw; and the hoe 
or Take. 

The aliee-har is a long, straiglit bar, with the end flattened. It 
is used to Iircak up clinkers by thrusting it between the grate and the 
fire. It is also nsf<l to bn-ak up caking coal. The -prick-haT is similar 
(o the slicc-lwr, except tluit the end is lient at right angles like a hook. 
To remove ashes, the prick-liar is run along, up between the grate 
bars, from underneath. This bar is often made with detachable hook, 
so that the end may Ik.* replaced when burne<l off. The clinker hook, 
or drvit's clan; is use<l to haul the fire forward. The hoe, or rake, is 
u.sed to draw out cinders, to haul the fire forward, etc. 

In cleanini; llir fin-, the fireman first looks to the water and steam. 
There shoidd Ik> enough water and sufficient steam pressure to last 
during cleaning. Tlie.i lie breaks up the clinkers with the slice-bar, 
and rcinoves the ashes with the prick-bar. If necessarj", he pushes the 
fire to the rear, thoroughly cleans the front of the grate bars, and then 
hauls it forwanl and cleans the Imck of the furnace l>ars. Some fire- 
men clean one side at a time, instead of first the front and then the 
rear. Tlie fire slioukl Im? allowed to burn <lown before cleaning; but 
sufficient fuel, called chaff, should be left to start the fire quickly. 
Before cleaning, partly close the dampers, so that the amount of cold air 
admitted will be small. For this reason ami to prevent loss of pressure, 
clean as mpidly as possible. 
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Banking the fire depends upon the condition of the fire, the 
fireman himself, and the length of time it is to remain banked. First 
clean and place all the coal in a small space at the bridge; then cover 
with fresb coal to a depth depending on the length of time the fire 
is to remain banked. Then close all dampers and open the door. 
Some firemen cover the front of the furnace bars with ashes. 

To start from a banked fire, first examine the condition of the 
water-level, steam pressure, safety-valves, etc. Then clean the fire 
with the slice-bar, and rattle down the ashes with the prick-bar. After 
spreading the coal evenly over the grate, cover with a thin layer of coal, 
and open the dampers. 

CARE OF BOILERS 

Any amount of time spent in the proper care of a steam boiler 
will be amply repaid, for this is of great importance. The boiler, of 
course, should be so designed and constructed that all parts can be 
inspected readily; but this is of little benefit unless proper and ri^d 
inspections are made. All internal fittings, such as fusible plugs, 
water alarms, feed-pipes, and the like, should occasionally be examined 
to see if they are tight and in good working order. If due care is not 
^ven to the boiler, its life will be materially shortened. 

The following rules for the management and care of boilers have 
been established by the Hartford Steam Boiler Inspection & Insur- 
ance Company, and should be carefully followed, whether the boiler 
is insured by the above-mentioned company or not; 

1. Condition of Water. The first dutj' of an engineer, when he 
enters his boiler-room in the morning, is to ascertain how many gauges 
of water there are in his boilers. Never unbank or replenish the fires 
until this is done. Accidents have occurre<l, and many Iwilers have 
been entirely ruined from neglect of this precaution. 

2. Low Water. In case of low water, cover the fires immedi- 
ately with ashes; or, if no ashes are at hand, use fresh coal, and close 
a.sh-pit doors. Do not turn on the feed under any circumstances, nor 
tamper with or open the safety-valve. Let the steam outlets remain 
as they are. 

3. In Case of Foaming. Close throttle, and keep closed long 
enough to show true level of water. If that level is sufficiently high, 
feeding and blowing will usually suffice to correct the evil. In case 
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of violent foaming, caused by dirty water or by change from salt to 
fresh water or vice versa, in addition to the action above stated, check 
draught, and cover fires with fresh coal. 

4. Leaks. When leaks are discovered, they should be re- 
paired as soon as possible, 

5. Blowing Off. Clean furnace and bridge wall of all coal and 
ashes. Allow' brickwork to cool down for two hours at least before 
opening blow-off. A pressure exceeding 20 lbs, should not be allowed 
when boilers are blown out. Blow out at least once in two weeks. 
In case the feed becomes muddy, blow out six or eight inches every 
day. \Mien surface blow-cocks are used, they should be frequently 
opened for a few minutes at a time. 

6. Filling Up the Boiler. After blowing down, allow the 
boiler to become cool before filling again. Cold water pumped into 
hot boilers is very injurious, from the sudden contraction set up, 

7. Exterior of Boiler. Care should be taken that no water 
comes in contact with the exterior of the boiler, either from leaky 
joints or from other causes. 

8. Removing Deposit afld Sediment. In tubular boilers, the 
handholes should be frequently opened, all collections removed, and 
fore-plates carefully cleaned. Also, when boilers are fed in front and 
blown off through the same pipe, the collection of mud or sediment in 
the .rear end should be removed frequently. 

9. Safety-Valves. Raise the safety-valves cautiously and 
frequently, as they are liable to become fast in their seats and useless 
for the purpose intended. 

10. Safety-Valve and Pressure-Gauge. Should the gauge at any 
time indicate the limit of pressure allowed by the insurance 
company, see that the safety-valves are blowing off. In case of dif- 
ference, notify the company's inspector. 

11. Qaug^^ocks, QIass Qauge. Keep gauge-cocks clear and 
in constant use. Glass gauges should not be relied on altogether. 

12. Blisters. When a blister appears, there must be no delay 
in having it carefully examined and trimmed or patched, as the case 
may require. 

13. Clean Sheets. Particular care should be taken to keep 
sheets and parts of boilers exposed to the fire, perfectly clean; also 
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all tubes, flues, and connections well swept. This is particularly 
necessary where wood or soft coai is used for fuel. 

14. General Care of Boilers and Connections. Under all cir- 
cumstances, keep the gauges, cocks, etc., clean and in good order, and 
things generally in and about the engine-room in a neat condition. 

15. Getting Up Steam. In preparing to get up steam after 
boilers have been open or out of service, great care should be exercised 
in making the manhole and handhole joints. Safety-valve should 
flien be opened and blocked open, and the necessary supply of water 
run in or pumped into the boilers, until it shows at second gauge in 
tubular and locomotive boilers; a higher level is advisable in vertical 
tiibulars as a protection to the top ends of tubes. After this is done, 
fuel may be placed upon the grate, dampers opened, and fires started. 
If chimney or stack is cold and does not draw properly, bum some 
oily waste or light kindling at the base. Start fires in ample time, so 
that it will not be necessary to urge them unduly. When steam 
issues from the safety-valve, lower it carefully to its seat and note 
pressure and behavior of steam^uge. 

If there are other boilers in operation, and stop-valves are to be 
opened to place boilers in connection with others on a steam-pipe 
line, watch those recently fired up, until pressure is up to tliat of the 
other boilers to which they are connected; and, when that pressure is 
attained, open the stop-valves very slowly and carefully. 



byGoogle 



byGoogle 



STEAM PUMPS, 



Principles of Action. A pump is primarily a macliine de- 
eigiied for lifting liquids, or for conveying tliem to a distance through 
pi[)fs, or both. To accomplish these resultsmay be used the prin- 
siples of suction, lifting, or forcing or any combination of them; in 
practice generally the flrst is combined with one of the other two. 

Suction, Bo-called, is really the pressure dus to the weight of 
the atmosphere acting to force the liquid into a space wherein a 
jiartial vacuum has been created by removing a part of the matter 
that filled it. The amount of pressure available in any instance 
for forcing in the liquid, depends upon the .completeness with 
which the matter has been removed from the space in which suc- 
tion is acting, and on the weight of the atmosphere at that place. 
If all matter could be removed from the suction chamber, a perfect 
vacuum would be created and the full pressure of the atmosphere 
would be effective; a condition closely approaching this is created 
in the barrel of a pump when no air is present and the plunger or 
part of the liquid is withdrawn. 

If there be any air present, it will expand and fill the vacant 
space, its pressure falling aa the volume increases; the pressure 
available to force iu the liquid by suction will be the difference 
between that due to. the weight of the atmosphere and the final 
pressure in the suction chamber. The greater the amount of mat- 
ter removed from the suction chamber, the less will be the result- 
ing pressure therein and the greater the difference available for 
moving the liquid. 

The other factor, the weight of the atmosphere, varies with 
its condition and the altitude as shown by the barometer. The 
following table compiled from " Kent's Mechanical Engineers' 
Pocket Book " and " Xystrom's Mechanics " gives barometer read- 
inga, the pressure j)er square inch, and heights alwve sea level cor- 
responding to each other; the altitude being at 40' latitude aud 
temperature OC r'ahrenheit. 
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Barometric Reading 


AtmOspberic Preaaure 


Altitude a1x>re 


is 


in Pounda 


Sea Level in 


Inches of Mercury. 


per Square Inch. 


Feel. 


30 


14.72 





29.76 


14.60 


232 


29.50 


14.47 


466 


29.26 


14.35 


703 


29.00 


14.23 


941 


28.75 


14.11 


1181 


28.50 


13.98 


1424 


28.26 


13.86 


1668 


28.00 


13.74 


1916 


27.60 


13.50 


2415 


21,00 


13.26 


2924 


26,60 


13.02 


3443 


26.00 


12.77 


3972 


26.60 


12.53 


4511 


2,6.00 


12.27 


6061 


• 24.60 


12.03 


6621 


24,00 


11.78 ■ 


6191 


23.50 


11.64 


6778 


23.00 


nx 


7376 


22.50 


11.05 


7986 


22.00 


lOJO- 


8609 


21.50 


10.66 


9247 


21.00 


10.31 


9900 


20.00 


9.81 


11264 


19.00 


0.32 


12678 


18.00 


8.82 


14179 


17.00 


8.33 


16766 


16.00 


7.84 


17448 


16.00 


7.35 


19240 


UOO 


6.86 


21156 


13.00 


6.37 


23212 


12.00 


6.88 


26433 


11.00 


6.39 


21848 
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As the weight of a column of water one foot high and one 
inch Bqaare is 0.438 pound, it follows that the atmospheric pressure, 
which at sea level is ordinarily 14.73 pounds per square inch, can 
BQpport a column of water as many feet high as 0.433 is contained 
in 14.72 or 34.2 feet. The height of column which can be sup. 
ported decreases as the altitude increases. At the top of a moan- 
tain two miles high it would be only 9.81 -v 0.433 = 22.7 feet. 

This is the height which could be barely 8upport«d if the 
racnum were perfect. In practice the height to whith water can 
be lifted is much less, because it is impossible to obtain a perfect 
vacuum on account of leakage of valves and joints, and the atmos- 
pheric pressure mast overcome friction in pipes and passages, so 
that the possible lift is reduced to not over 25 feet at sea level and 
this only for slow working. It is better to attempt only 20 feet or 
even less if the pump is to work rapidly. If, however, a high 
suction lift is imperative, it may be obtained by admitting air with 
the watbf in suitable proportions to form a heavy spray so that 
the weight per cubic foot of the mixture is considerably reduced. 
In this way a lift of as much as 100 feet may be possibla but of 
course, at the expense of the weight of water pumped pei stroke, 
so that either the pump must be run at a higher speed or a larger 
pump mast be used. The air should be admitted to the suction 
pipe through several small openings a little above the level of the 
water in the supply reservoir. The suction must be primed each 
time the pump is started. 

Probably the earliest example of a practical steam pump was 
that built at Kaglan Castle by the Marquis of Worcester in 1630. 
This employed both suction and pressure, two vessels making the 
flow continuous. Steam was admitted from a boiler through valve 
B', Fig. 1, to the chamber A', and the pressure forced the water 
upwards through the valve F'and pipe E; the valve C'preventing 
its return to the reservoir. Meantime the chamber A was shut off 
from the boiler, and the cold water, condensing the steam, caused 
a partial vacuum so that water wa.** forced op through valve C and 
pipe D into the chamber A. "When A' was emptied and A filled^ 
the steam valves were reversed and A' became filled while A was 
being emptied. 

Practically all pumps, except those to which the liquid comes 
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under pressure, tise the auction principle for filling their cylindere. 
The suction lift le, however, usuallj but a few feet except where 
duep mines are drained, and in the case of air pumpa for conden^- 
era in which the suction is always kept at the higlieat possible 
value. In order to improve the suction action, valves and eninily 




Fifj. 1. 



FiB. 2. 



pipes luiiat be kept with all Beatings and joints absolutely tight. 
Lifting. Tlie lifting pump is simply a bucket B, Fig. 2. 
working in a vertical barrel A and bo arranged that the water is 
caught above the bucket and raised on the upward stroke to the 
top of the barrel or to a point where an overflow ia provided. 
Usually the bucket is filled on the dowo stroke by means of a valve 
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C in the bottom, and if the lift is for any considerable distance, it 
is necessary to put a foot valve E at the bottom of the inlet pipe to 
prevent the liquid from sinking in the barrel when the bucket de. 
Bcends. By this means suction also is introduced, since the space 
D above the foot valve is filled from the reservoir by suetiot dur- 
ing the up stroke of the bucket. The pomp may then be placed 
at any distance above the reservoir within the limit already stated, 
and at any distance horizontally; but it should be remembered that 
the speed of working 
and height of lift must 
be decreased if the hori- 
zontal distance is ma- 
terially increased, and 
that it is always better 
to make the suction 
pipe as short as pos- 
sible. 

Forcing. The suc- 
tion effect is used in I 
all pumps, at least to 
fill the barrel, but the 
lifting principle is un- 
common except where 
the discharge is to be 
directed from a spout 
at the top or in the side 
of the barrel, as in mine 
drainage and house 
pumpB. If it is neces- 
sai-y to raise the liquid 
to a point above the pump level, either a piston or a plunger work- 
ing in a closed chamber is used to force the liquid through dis- 
charge valves, against whatever pressure may be necessary, into 
the delivery pipe; return currents being prevented by the closing 
of the discharge valves. 

As seen in Fig. 3, the plunger F on the outward stroke draws 
water from the reservoir through pijw A and inlet. valves E into 
the barrel B. On the inward stroke, the valve E will close and, 




hyGoogle 



STEAM PUMPS 



since litjuids are j)mctical)y incompreBBible, the discharge valves 
D will open allowinf^ the water to pasa into the discharge chamber 
and oat the pipe C. Fig. 3 represeots a single-acting plunger 
pump, but the action is the same for a piston or for a double-acting 
pnmp except that there are two sets of valves. Although the force 
is exerted on the mass of liquid in a direction lengthwise of the 
barrel, yet, since pressure la transmitted equally in all directions, 
the valves will open promptly if located in any position with respect 
to the barrel. 

The pressure against which the pump must act in forcing de> 
pends on the weight of the valves, the spring pressure, if any, need 
to close them quickly and the height to which the liquid is to be 
raised, or as it is technically termed, the " head," against which the 
pump 18 to work. For water, the pressure per square inch in. 
creases one pound for every 2.33 feet, or as previously stated one 
foot of head produces 0.433 pound pressure per eqaare inch. There 
is no theoretical limit to the height to which a liquid may be raised 
by forcing, but the speed of starting and stopping the colnmn of 
water, that is, the number of strokes per minute, must be decreased 
as the delivery pipe becomes longer, if water-hammer is to be avoid, 
ed; this is true whether the length be borizontel or vertical. This 
hammer effect is due to the force necessary to overcome the inertia 
of the column of liquid and start or stop its motion. If not prop- 
erly taken into account, either by using slow speeds or providing 
adequate air chambers to take up the shock, it will always produce 
destructive results. Wear on the outlet valves also limits the 
height to which water may be forced, aa this wear increaaes with 
the head and makes it difficult to keep the valves tight. 

TJaually no special precautions are required up to pressures of 
500 pounds per square inch; above this, care must be exercised up 
to the limit of 2,000 pounds, which is as high as will be required 
for lifts or presses except in special cases. Anything above this 
requires the greatest precautions, not only as to strength of parts, 
form of valves and packing of joints, but even with respect to 
quality of castings. Water will sometimes leak through what ap- 
pears to be solid metal. 

The pressure produced -by water-hammer is taken advantage 
of in one special form of pump, the hydraulic ram, in which the 
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force prodnced by the inertia of a large column of water enddeolj 
checked is utilized to raise a small colama against a high pressure. 
The working of the apparatus is seen from Fig. 4. "Water flowing 
from pipe F into the chamber A will escape throngh valve V 
(closed in the figure) to discharge pipe I); but, as the velocity of 
flow increases, valve V will be lifted and closed checking the flow 
of water. The force thus developed will open valve V' against 
the pressure of the spring and the head of water in the small pipe 
E, and somewater will 
be forced into cham- 
ber B and np pipe E 
or into the air cham- 
ber C compressing the 
air. Water will pass 
into B until the force 
due to water hammer 
is 80 decreased that 
valve V closes and 
valve V opens once 
more, when water will 
again overflow and the 
process he re|>eated. 
The head against 
which the ram will 
work may be almost 
any amoant, but the ratio of water raised to that wasted at the over, 
flow will decrease as the head on valve V increases. In any case, 
the ratio will be small and the ram wasteful, so that its use is 
advisable only where the supply of water is almost unlimited, other 
power is dilHcult to procure, or the amount to be raised is very 
small. Table III gives the relation of efficiencies and ratio of 
lifting to forcing heads, which according to 1). K. Clark, may 
fairly be expected with a ram of good design. 

TABLE lit. 

Ratio of lift to fall i G 8 10 12 U 10 18 20 22 
Efficiency per tent 72 fll 52 44 37 31 20 19 14 « 

The ram should be arranged with a drive pipe whose length is 
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at least five times the fall, in order to give a long coltimn of mov- 
ing water and increase tlie water-hammer. The diameter of drive 
pipe ia QBuallj twice that of the lift pipe. 

KINDS OF PUnPS. 

lo classifyiiig pumps, the division mny be made according to 
ODj ene of several methods: As to the principles of action, the de- 
tails of constmcition, the means of driving, or the purposes for 
which they are nsed. With respect to principle of action the classea 
may be: 

1. Umag, 

2. Forcing, 

3. Combi nations. 

With regard to the details of constmction-' 

1. Jet, 

2. Rotary, 

3. Centrifugal, 

4. Reciprocating. 

With regard to nses, the division is difficult, since the same 
pnmp is frequently used in different places for different purposes. 
Snch claeses as tank pumps, boiler-feed pumps, air pumps and 
mine pnmpa are fairly definite, hnt the details vary so much with 
different makers that ic is impossible to draw sharp distinctions. 

From the discassioD of the principles of action we know that 
practically all power pumps are of the third class, that is, work by 
a combined lifting action duo to suction and forcing. But the 
second classification is yet to be considered. 

The Jet Pump, The first variety, the jet pump, is perhaps 
best known in the form of the injector, but the principle ia worthy 
of a much wider application than it now has. In the form of a 
steam or water ejector it may be used for lifting water by suction 
and raising it to a considerable height, while its simplicity and 
ease of application give it a large field of usefulness. A convenient 
form for an ejector is shown in Fig. 5. The propelling jet may 
be either steam or water under pressure entering through the vah-e 
A and flowing from nozzle D which should be made wiih a de- 
creasing taper like a hose nozzle. If steam is used, it will be 
necessary to provide a small injection pipe with valve for supply- 
ing water to condense the jet and create a vacuum at the start. 
Otherwise the steam will blow through the apparatus and will not 
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lift the water in the Buction pi]>e. Id this case, the heat energy of 
the Bteam will be converted into velocity, and will be available for 
drawing and forcing the water bo that it can be raised to a consid- 
erable height. The efficiency of a wcU-designed Bteam ejector 
shonld be nearly e<jiial to that of an injector and will, like that, 
de])end on the temjwrature of the water and the height of the 6ac- 
tioD and lift. 

In pumping intoaboiler, the eiQciency of an injector ia nearly 
1(X) j)er cent becauEO nearly all the beat energy which is lost iu 
friction goes to heat up tlio feed water and is therefore utilized; 
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Fig. 5. 



bat for other purposes, the injector or ejector 13 wastefnl of heat 
and cannot be considertni economical. Ita convenience, however, 
is a strong point in its favor, and where the amount of water to be 
lifted is not large, or if it is to be used only occasionally, it will 
often pay to use it rather than to install a more elaborate and 
costly pump. 

"When water under pressure ia used as driving power, it ia not 
necessary to have the inlet at B. The flow of the water from the 
nozzle will carry along the air and create a vacuum at D which 
will draw the water up the pipe C There is no heat energy avail- 
able aa in the case of steam, so that the water can furnish only auch 
an amount of power aa ia due to its weight and the velocity with 
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vhich it leaves the ejector nozzle; and, aa the efficiency is low, not 
over one fourth of the energy furnished to the ejector at A will be 
available to move water at E. For a water injector it is well to 
proj)ortion the pipes 8o that the head on A times the area of D 
equals twice the saction aod lifting beada combined mnltiplied b; 
the area of C; and to make the area of E equal to the area of T) 
plus tiie area of C, if the apparatus is to be used as a water ejector. 
For steam, a J-inch pipe at A for a discharge: 

2-inch at C and a 2|-inch at E baa 
been found to work well when the 
head on E was a.mall, and if the water 
is under city pressure a g-inch pipe 
atB. 

It is well to remember that the en- 
ergy of a jet of either steam or water 
depends nioie on the velocity than on 
the weight flowing, since the energy 

available per second equals-^ — where 

W is the weight flowing per second, inlet 

V is the velocity in feet ptr se(;ond and ^* 

g is the acceleration due to gravity; therefore, for good efliciency, 

it is beat to use high pressure whenever possible. 

Rotary Pumps. These have been but little used because, as 
usually designed, their ethciency has been low. They are, how. 
ever, useful in many cases and are well adapted for moving large 
volumes of liquid at low pressures. This pump moves the liquid 
by. catching it between the lobes of the revolving propellers and 
the casing of the pump and sweeping it around from the suction 
pipe to the discharge ; its return being prevented by the obstacle 
of the lobes and cylinders in the center. All are made on the same 
principle, the difference being in the design of the lobes and 
cylinders. 

These are of many forms, but two will be Bufticient to illustrate 
the principles. l'"ig. is the Berrenberg; here the lobes are 
made by two pieces of tube fastened opposite each other. The 
tubes extend from the seini-cyHndriod ojwnings and make a joint 
with the other lobe by iitling in as ehown. The axles are geared 
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t(^ther ootside the casing and are supported by bearings 
inside and outside, which are tapered to allow talcing up 
wear and kitiping the shafts true. The curvea in Fig. 7 show 
the results from a series of tests made on a 2-incb pomp by Mr. 
R. A. Hale and recorded in Barr's " Pumping Machinery.'* These 
show that the efficiency of the pump increases with the pressure 
against which it is workiug up to a certain point, and then falls 
off, while comparison of the curves at different speeds shows that 



POUNDS PRESSURE PER SQUARE INCH. 

Fig. 7. 
the efficiency becomes less as the s[)eod increases. This is apparent 
because the loss from friction is not doubled by doubling the head, 
while the amount of water will be the same pea* ravt^ution, no 
matter what the pressure may be. The exception to this is due to slip 
which increases as the pressure becomes greater. Hence the osefol 
work will increase up to that point where the loss due to leakage 
and friction more than balances the increase of work due to the 
increased head. The same reasoning ap]ilie8 to the speed, except 
that in this case the friction work will increase in proportion to the 
speed, 80 that the gain from the added work due to the increase of 
speed is not as great- aa from increase of head. 

Another stylo of rotary pump la shown in Fig. 8 in whicb the 
two pistons are so designed that their bonnding surfaces are always 
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in contact, thns forming tlie joint. In this type it is Important 
that the surfaces be of the correct shape, otherwise a pocket will 
be formed in which water will be caught. This water will be com. 
pressed as the volume of the pocket becomes smaller. As water is 
practically incompressible, it must either leak past the joint or 
burst the pump. In order to prevent this, a port is sometimes 
cut in the casing to allow the water to bypass and relieve the pres- 
sure. If, however, the outline of the lobes is mMe of the right 
shape, there will be uo compression and the ports will not be neo- 




Pig. 8. 
essary. It has been demonstrated that the curves to use for the 
outline of the lobes are the cycloids, as they can form the whole 
outline and will make a smooth surface which will not create 
pockets at any part of the revolution. The involute carve has 
sometimes been used, but it in not good aa it does not return on 
itself, and must therefore be cut off by the arc of a circle on the 
end of the lobe, leaving corners which form compression pockets. 
With respect to the effect of the speed on the volume ot water 
pumped, the experiments above noted showed that, within the 
stated limits, the volume varies nearly as the speed, and that at 
the same sjH^ed, the volume is a little less at high pressure than 
at low, but does not fall off rapidly as the pressure increases. The 
data, however, is not complete enough to be concluaive. 
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The rotary pump is often used for fire purposes, and where 
portability is of more importance than efficiency, or if first cost is 
agreat consideration. It can 
he run at high speed, and has 
a large capacity for the space 
F occupied, but it is not suitable 

for large or permanent work 
except at very low heads. 

Centrifugal Pumps. These 
operate by the familiar force 
which throws the mud from 
the carriage wheel and the 
water from the lawn sprinkler. 
A wheel W (Fig. 0) with 
curved blades revolves in a 
casing C and, when the cas. 
ing is filled with water, 
throws it to the outside thus 
creating a suction at the cen- 
ter and drawing up water 
through the suction pipe S. The velocity and whirling motion 
given to the water send it to the outside of the casing and out 
through a delivery pipe P. As seen in Fig. 0, the casing increases 
in size up to the outlet P, as the volume of the water to be 
carried will increase in that way. The blades are given a backward 
inclination at the wheel center so that water may enter without 
shock, and the angle which the blades make with the radius is 
increased towards the outer end so that the water gradually attains 
some rotary velocity and great radial velocity due to the wedging 
action aa it passes outwards; on leaving the blades it has high 
speed. If the blades are radial at the outer end, the discharge 
will be greater for a given speed, but it will not be possible to 
reduce the speed much without stopping the action altogether; also 
the efficiency will he less. 

Rankine states that the curve of the blade should bo an involute 
of a circle, that is, a curve drawn by a |iei]it in a string as it is 
unrolled from the circle as shown in Fig. 10. The itit-tliodof draw. 
ing the involute is as follows: Let BC be the inner bounding circle 
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of the bladea and B the point at which a vane ia to start. Draw 
a radius of the circle through B and through the same point at an 
angle of 40 degrees with the tangent, another straight line BE. 
Draw a concentric circle tangent to BF, which is perpendionlar 
to BE. If B were a point in a string, and this were unrolled 
from the circle, the point B would trace an involute BGH. For 
the first form of curve mentioned, this would be continued to the 
outer bounding circle where it should make an angle of about 15 
degrees with the tangent, as LHM. For the Kankine blade, the 
reverse curve IIKA should be drawn, usually the arc of a circle 
radial at the point H. In order to work without shock, the angle 
of the blade with the tangent at the inside end B should be such 
that its tangent ec^uals the radial velocity of the water divided by 
the circumferential velocity 
of that point on the wheel; it 
ia often made 40 degrees, 
which is found to be satis- 
factory for the average case. 
The angle at the outside 
should be 15 degrees if there 
ia no diffusing chamber, or if 
the discharge pi])e is not of 
increasing diameter, in order 
to gradually lessen the veloc- 
ity of the water after it leaves 
the wheel. But this will ne- 
cessitate a high rotary veloc- 
ity ot the blades, and it is 
sometimes better to use a diffusing chamber (or an increasing dis- 
charge pipe), and make the blades of the Eankine form, running 
the wheel at a lower sjjecd unless the conditions make it necessary 
to he able to run at a given medium speed for a partial discharge. 
The casing should be shaped to give the water a gradually inereas- 
ing velocity from the time that it enters the suction pipe until 
it reaches the circumference of the fan, and then a decreasing 
velocity until it leavea the discharge pijie. The spiral casing is 
often recommended bet-rtuse the centrifugal force given by the 
rotary motion is radial, not tangential, and the water must he 




Fig. 10. 
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given time to change its direction or it will spend mncb of its 
enerpy in eOdit'H and nst'k-sa work. 

Tliree styW of blades are slieiwn in Fifjs. 11, 12 and 13, Fig. 
11 is the form nsed for small aizt-s and for thick liquids; Fig. 12 



Fig. 11. FiK- 12. 

is a hollow-ann tyjM! ust-d in large pumps; it has the advantage 
that the water is thrown ontward without any churning motion, 
and that there are no dciid ejtacea. Fig. 13 ia the style used for 
dredgt-9 and has tlie advantage that the sand is 
kfjit from grinding bctw«'n the blades and the 
casing yet large openings are free for the |)assago 
of sand and mud. 

It is [)ossible to raise water to any height up 
to llH)ffftbj increasing the speed of the jmmp, 
but it has been shown by ex[)eriment tliat this 
form ia not suitable for lifts of over 2o fet^t, al- 
though up to 35 feet the efficiency is fairly good. 
Ab it is at these low lifts that the reciprocating 
pump ia least efficient, this is clearly the field 
of the centrifugal pump. 

The ejwid is increased aa ttie height of the 
lift increases, but not in exact ))roportion, be- 
cause the iiicreiise of B\n.vi\ for an increase of 10 feet in lift is 
greater at low than at high Iieads. Fig. 14 shows the relation 
between head and B|«ied in two pumps of tlie same make, the No. 2 
liaving a cajjacity of 100 jrallons |ier minute at the speeds gireo 
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and the No. 6 a capacity of 1,200 gallons. The point at which the 
curves cut the axis of epeed shows that the Ko. 2 pump will fail 
to work at a speed helow 250 r. p. m. and the No. 6 helow 125 
r. p. m. The pump may be set in either a rertical or a horizontal 
position and may have the suction on one side or both. Ilowever, 
it is better on both so that the forces due to lifting the water in 
the suction pipe are balanced and no end thrust produced. It is 
necessary to have some means of filling the pump casing with 



HEAD IN FEET. 

Fig. U. 
water, that is, " priming " it, as the suction will not start until the 
pump is BO primed. If water under preasure is not available, it is 
necessary to install a steam injector to fill the casing, or provide a 
foot valve which will be tight enough to hold the water in the suc- 
tion pipe at all times. 

Makers recommend that a fiap valve be installed at the top 
end of the discharge pijie also, to assist this action. Fig. 15 sljpws 
an arrangement wbich is satisfactory and also gives an idea of the 
shape and relative proportions of a standard ci^ntrifugal pump. 

Lifting Pumps. The only pumps which work entirely by 
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lifting are tLe old -fashioned cliain devices in which a series of discs 
moanted on a chain are drawn, hy a sprocket wheel, up through a 
tube bringing the water with them. In this form the motion is 
always in one direction, and there is a purely lifting action. But 
iUis common to speak of the pump which delivers its stream hy 
lifting, as a lifting pump even though it is filled by the action of 
suction. These are used largely in mines and for domestic pur- 
poses. The principle has been shown in Fig. 2. The disadvantage 
of this style is that the pump bucket must be not over 'M feet 
above the water and the rest of the lift muat be made by the rise 
of the bucket, necessitating either a long rod, or pumping in relay. 
The greatest use of this class 
was in the Cornish mines in 
the time of AV^att when the en . 
gines were placed at ground 
^^ level, and the rods made of a 
length sufficient to reiich to 
within 20 feet of the bottom 
of the shaft. In some cases 
these pump rods were as much 
as 4S0 feet long, and the de- 
sign of the great pieces was 
adifRcult problem. Thewalk- 
ing-heam engine was used 
largely to drive the pumps, 
and the whole machine was a 
FOOT VALVE huge and wasteful affair. 

Pig. 15. At the present time, the 

longpump rod is used to some 
extent, but it is driven by a vertical cylinder set over the top of 
the mine shaft. 

The size of the pump cylinder depends upon the volume of 
water to be raised and the speed of the pump. When heavy masses 
are to be moved, as is the case when long rods are used, the speed 
must, of course, be slow. For the great engines of "Watt's time it 
was about 15 strokes [xjr minute, and in nuHlern pumps it is 25 to 
B5 strokes per minute. The cylinder must be made of such size 
that at this 6i>eed it will lift the required amount of water. 
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For example, if it is desired to raise 100 gallons per minute, 
and the pnnip is to riiD at 30 Btrokes, the volmne to be raised 19 
100x231 = 23,100 cubic inches, and tlie volume per stroke is 
23,100 -^ 30 ^ 770 cnbic inches. A usual value for the stroke of 
pumps of thia size is 16 inches which (if there were no allowance 
for leakage) would make the area of the cylinder 770 -5-10 = 48.13 
square inches. The allowance for leakage or slip should be, for a 
pump of this size and speed, about 3 per ceat. This would, of course, 
increase with high speed and decrease witb large size. Allowing 
3 per cent slip, the area should be 48.13x1-03=49.68 square 
inches which is that for a circle of about 7|^ inches diameter, so 
that 8 inches would be used and the area would tboa be 60.26 
square inches. 

To find the force needed to lift this bucket, it is necessary to 
know the height to which the water is to be raised. Suppose this to 
be 200 feet; then the pressure per square inch will be 200 X .■t33 = 
86.G0 pounds and the force needed, 86.60x50.2G=4,352+ponnda 
To this must be added the weight of the bucket and rod as both- 
must be lifted at each stroke by the driving head at the top of the 
shaft. The roda are usually made' of wood with the sections 
fastened together by iron couplings. The proper size for the 
above pump is 4 inches diameter, which for a rod 200 feet long 

would weigh, at 45 pounds per cnbic foot, 45 X -. — m X 200 =785 
oil 4X144 

pounds (about), and the bucket and fastenings will easily make 

this 1,000 pounds; the whole weight to be lifted will then be 5,352 

pounds, which, at 30 strokes per minute, will call for the expendi< 

ture of 

5,352x30^ 16 « - rr n / , ^ 

33,000 XT2 = ^-^g-^-(°«"'j) 

This would be the power necessary to run the pump aside 
from the friction of the machinery. 

Although, at the present time, high lifts are largely made by 
using a forcing pump at the bottom of the shaft, this was not 
known at the time of the introduction of the pumping engine in 
the Cornish mines, and when it was necessary to raise water from 
a depth greater. than could well be handled in one lift, it was 
accomplished by using pumps in relays. One engine would be 
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installed at a depth of aonie 210 feet from the bottom of the 
mine, with its pump cylinder within 20 feet of the bottom, 
and would raise the water into a reservoir from which it would be 
taken by another pump and bo on. Instances are recorded in which 
pumpB raised 4,014,800 gallons per 24 hours, having ptstouB 24 
inches ia diameter and a stroke of 10 feet. 



F ig. 16. 
Forcing Pumps. For raising water to a height greater than 
can 1)6 conveniently overcome by lifting, or when the discharge is 
desired at a distance from the pump, it is better to use the forcing ■ 
type. The simple principle of this ty]>e is shown in Fig. 3. There 
are, however, many modifications in common use. It is usual, if 
the lift to the pump be great, to install a foot valve at the bottom 
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of ths eaction pipe, as well as to nse admissioa valras to the 
pamp chamber so that the snctioD pipe wilt be kept filled at all 
times, and the tendency for the water to drop out of the pump 
chamber, while the Bactlon valve is closing, be removed. 

The most common form of forcing pump is the don ole-acting 
piston type as seen in Fig. 16. ^s the piston P moves to the 
right, it will create a enction in the left-hand end of the cylinder, 
drawing in water through the valves AA and the suction pipe S. 
At the same time pressure will be exerted in the right-hand end 
of the cylinder and water will be forced out of valves I>,D„ into 
the dischargo chamber and up the pipe K. On the reverse stroke, 
water will be drawn in at vulves A,A, and forced out of BD. 
The piston mast, of coarse, be packed water tight. 

As in the case of lifting pumps, the volume to be raised and 

the speed at which the pump can be run determine the size of the 

piston; but the speed is nsnally greater than in the lifting type. 

The pump must not be placed over 20 feet above the level of 

the water which it is to raise, hence for a high head the greater 

part of the lift must be obtained by forcing against the head 

above the pump. It is a common rule that the travel of a 

pump piston should not exceed 100 feet per miniile, and, 

taking the same problem as for the lifting pump this gives, 

23 100 

' lo '^ 19.25 square inches as the area of the piston. 

At the increased speed, the slip will be greater, hence it wilt 

be necessary to allow 5 per cent or an area of 19.25 X 1.05 ^ 

20.21 square inches corresponding to a diameter of 5|>j inches. 

The head would be the same, hence the total pressure per 

square inch would be the same as for the lifting pump, but the 

[K>wer would be increased. Tlie total force on the piston will be 

20.21 X 80.00 = 1,750.1 pounds. At 100 feet per minute this 

■ 1,750.1 X 100 ^_ , ,■ V . > 

will require „;. ^ = 5.30 horsepower, wliica is less 

than before because the weight of tlie pump rod is not lifted at 
each stroke. If tlie rod be counterbalanced by a weight at the 
opposite end o( a w:ilking beam, the lifting pump w'll have a 
slight advantage owing to the smaller slip. 

The pump shown in Fig. 10 is doable acting, that is, fl 



byGoogle 



STEAM PUMPS 



works on both Btrokes, but pumpa, especially of the vertical type, 
are often made single acting to suck on the np stroke and force on 
tbedown; tht-se have only half the capacity for the same size as 
the dyuble acting. 

The great difHcoIty with the piston is in keeping the packing 
tight or of knowing when it is leaking; tt is also difficult to 



/^-\ 




tng. 17. 

repack as the pump must be dismantled in order to get at the 
piston. For this reason the plunger puuip is often preferred and 
is used either single acting with stuffing box around the plunger 
as in Fig. 3, double acting with two plungers as in Fig. 17, or 
doable acting with one plunger as in Fig. IS. The advantage of 
this last over the piston is that for high pressures it is more easily 
kept tight, and for gritty liquids the wear is taken by the bushing 
which is more easily and cheaply replaced than a lining to the 
cylinder. The piston pump is more compact; but the plunger 
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does not require ft bored cylinder eo .that the first cost Is not 
materially different. 

. Tlie two-plnnger pump with outside yoke is etill krger than 
the single-plunger double-acting type but it can be easily repacked, 
can be kept tight against high pressures and any leaking is 
instantly detected. 



For these reasons, it 
is a favorite. The 
double-acting pump, 
not only has greater 
capacity, as above 
mentioned, but, on ac< 
count of its contin* 
uons action produces 
a much steadier flow 
than the single-acting 
type, BO that it is gen* 
erally preferred. 

A modified form of 
Worcester's Kngine, 
Fig. 1, is seen in the 
pulsoraeter or hjdro- 
trophe, Fig. 19, which 
is still used to a con- 
sidei-able extent where 
extreme simplicity is 
desired. The ball B 
rolls so as to close 
first A' and then A; 




Fig. 18. 



with the ball in tho position shown and the chamber D filled with 
steam, water will be drawn np through F by the vacuum caused by 
condensation of the steam. Meantime steam will enter D' through 
A and 'force the water out through the check valve G. This 
will continue UTitil the eteam in D is all condensed, when the 
rush of the water, dne to its inertia, will drive the ball valve 
U over against port A, thus reversing the action. It is en- 
tirely automatic and, as the machine is the acme of simplicity 
and may readily be made with lar^ openings, it will handle dirty 
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liquids witli a minimiim of attentJon. Its nsnal heat efficiency 
is 1.2 to 1.5 per cent, biit tLia is not as objectionablo as. it seems, 
since sniall reciprocating steam pumps often do little or no butter. 
C isa fiuctionair cbamlxir connected with the opening E to equal- 
ize the flow of water. 

VALVES. 

Pnmp valves mnat be eo made that they will open and close 
qnickly and fully with little friction, so that there shall bo no ob. 
straction to the passage of the 
water, yet little leakage of- water 
past the valves after the reversal of 
motion of the piston and before 
the valves have seated. Quick 
opening requires a light valve with 
slight motion, but quick closing 
demands either a heavy vatvt or 
a spring to hasten its aL'tion. In 
older pumps it was the custom 
to use one large valve with a lift 
sufficient to give the required 
passt^e; the valve was then heavy 
enough to close of its own weight, 
but was clumsy and hard to fit to 
a seating, la modem practice the 
required area isdivided among sev- 
eral small valves so that each one 
is easily and cheaply renewed in 
case of accident or wear, and quick 
closing is obtriined by the use of h'ig. 19. 

springs on the spindles of the valves. 

The natural claseiiication of valves is by the motion and by 
the method of securing a tight joint; according to the motion there 
would be division into flexible, hingctl, popj)et and ball; .according 
to the seating, into cushioned and ground. 

The Flexible valve is the oldest type, and is, in some ways, the 

simplest. It is generally made of rubber, as this material gives 

the greatest flexibility with the beat seating. The valve is made 

' aa a solid disc, the opening being obtaiuul by the flexibility of the 
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esa of disc. 


Diam. of hole in center 


ohos. 


Incbe.. 


1 


i 


A 


i 


J 


A 


1 


I 


1 


I 


i 


i 


1 


i 



valve itself, and is nsually of the style Bhown In Fig. 20. The seat 
is made with radial grids to take the pressure of the .water, the 
openings between tlie bars being made equal to the thickness of 
the disc; this thickness depends in torn on the diameter of the 
disc, and is often made as given in the following table: 
Diam. of disc. ThicltB< 



2i 
S 

H 
i 



The valves of this type most commonly nsed are the 3-inch 
and the 4^ -inch as the larger sizes 
are not found durable. The 3-inch 
is the best tor ordinary use. The 
hole in the center is made -^^ to ^ 
inch larger ^an the spindle to 
allow of free motion ; to avoid sud- 
den bending of the rubber, the 
guard is placed to give the disc a 
chance to rise about y^j inch. When 
it has risen so far, it bends around 
the guard and thus gives a free 
opening for the passage of the 

water. The guard should have a diameter equal to that of the 
disc less twice the thickness of the disc, and the radius of curva- 
ture should be etjual to the diameter of the disc. This type of 
valve is not well suited for high pressures, 250 feet head being 
about the limit for the ordinary style. If, however, there are 
vanes arranged below the disc so that a rotary motion is given 
to the valve, it is found that there 13 no difficulty in keeping the 
valve tight for heads up to 490 feet. For these pressures, it is not 
uncommon to "use discs of a thickness up to an inch, but only for 
large sizes. The lap of the valve over the edge of the seat should 
be from J to J inch according to the .thickness of the disc and the 
prosBure to be carried. 
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Leather valves have been used to Bome extent in the form of 
a simple flap fastened Kt otte Bide and free to n^e at the.othcr; this 
makes the simplest form of hinged valve and, when weighted with 
a metal disc on either side, has been tinieh used for small hand 
pumps. It is not suitahle for severe service. 

The Hinged valve, aa its name implies, is made to swing ahont 
a pivot at one side, but should he designed to lift from its seat be- 
fore it begins to swing. The disc js made of metal bnt often with 
a facing of leather or rubber for slow speeds; for high sjieeds these 
linings will not stand the wear. The lift should he ibont ^ to | 
inch before the valve begins to turn about the fulcrum. The angle 
to which the valve lifts is usually mad© 30 degrees, and shoold 
never be over 60 degi'ees, in order to ensure quick opening and 
closing. The motion is limited by a stop on the seat or on the 
disc of the valve as seen in Fig. 21. The hinged valve is bIo;^ in 




Fig. S3. Fig. 22. ' 



action and is not suitable for thick liquors or high pressures. In 
designing, the area allowed should be aa follows: 

Piaton speed, feet per minute 100 125 150 175 200 

Areaof waterway, percent of pluuger area. 40 50 60 15 100- 

For higher speeds or for high pressures, it is best to use some 
form of positively driven valve, and, if such liquors as sewage or 
synijs are to bo handled, the areas found from the above table 
should be increased about 50 per cent. 

The most common form of Talve in use at present is the 
poi^iet which rises straight up from the seat and gives a free 
Oldening with a small motion. The scat is made either flat or at 
an angle of lo degrees as the designer may choose, the beveled 
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seat being more difficult to constmct but retarding the flow of 
water lesa than tlie Sat seat which neressitates a donbia turn in 
the current. The width of the beat or edge of the eeat against 
which the valve rests is made J inch for large valves and -j'j inch 
for small ones. The flpw of the water through the valrea should 
be at a velocity of not over 200 feet per minute, and the lift must 
be 80 proportioned that the jmssage by the valve will be as large 
as the area of the valve opening. A valve with flat Beat need not 
have over ^ inch liijt even for heavy pressures, but the joint must 
be carefully made to avoid leakage. 

A cominon form' of mitre valv$ 
is shown in Pig. 23 and of flat seat 
in I-'ig. 2:!. Tlie vanes on the hot- 
tom of the disc wlut-li keep the valve 
centered tvhen it rises are often given 
an inclination of -J inch in C inebea 
so that tlie rush of the water will give 
the valve a rotary motion, removing 
all dirt and keeping the wear on the ' 
beat even. For the flut heat valves 
this is not always possible as tbey 
are closed by a spring and the f ric. 
tion prevents them from revolving. 

In order to give an area by tlie valve equal to the area of the 
seat, the lift must bo one quarter the diameter of the seat openinir. 
For heavy pressures this would iiiake too large a lift, as the slip 
on closing would be excessive; for this reason the lift ia made not 
over ^ inch and the number of valves increast'd as may be 
necessary. The seat is usually made separate from the valve 
deck and screwed into place; when this construction is used, the 
guide for a valve (ii tliero is one) should be made a part of the 
seat so that the valve is self containinl. The guides may be in 
, the form of wings on the bottom of the valve disc, a spindle 
running through a Itolo in the seat or a spindle projecting 
upward through tlie valve; the last being most common. 

The discs may bo of metal or hard rubber. For hot liquids 
metal must be used, but for cold liquids liai-d rubber or composi- 
tion ia more common, usuallj with a metal cap to keep the disc 
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in Bhape. The spriDg used for closing the valve shoald be 
cylitidricdl rathiTtlmn conical, as the strain wi the latter form comes 
largely at the small end of the spring and the wife is likely to ■ 
bmak there. A dcsifjn to be recommended is that of Fig. 24 
which is described by IJarr; see "Pumping Machinery," p. 57, 

Double beat valves and those with multiple ports are not 
Ufniilly neeessjiry but are eomotimes used for large work. 

Ball valves are often tidied for low pressures. For these the 
diameter of the ball is made 1.^ times that of the beat and a cage 
is provided bo that the ball shall always be 
kept central. The ball is of gnn metal nsaally 
with a rubber casing or, for cold water, Bome< 
times wholly of rubber. They are common in 
pumps used for mines and oil wells and often 
in connection with cup leather packings for the 
piston. If the water Is gritty or has impur. 
; ities, the valve seat should be raised above the 
deck BO that there will be room for the sand to 
settle below the seat, as seen ia Fig. 25. 

In all valves which have metal for both disca 
and seats, it is imj>ortftnt that they should both 
be of the siime material, as otherwise there ia 
likely to be galvanic action which will cause 
rapid deterioration. T'siially, however, it is bet- 
ter to use the valve with a separate disc of com- 
position as this avoids alt possibility of electri. 
cal action and makes the refacing of the valve 
unnecessary; the replacing of tlie old disc by a new dne being all 
that is needed when the valve becomes worn. 

For valves which are to be returned by a spring, it is l>e8t to 
use five coils in the spring and to have the wire of spring brass of 
the size given in the following table: 



Fig. 26. 



Diameter of valve inches 2 21 3 SJ 4 4J 

No.ofwireB&S 12 12 10 10 8 8 

In this style, it is well to use for the guiding spindle a stud 
Bcrewed solidly into tiie valve seat or made a part of the casting, 
and fasten the valve hy a nut at the top of the stud, secnred by a 
pin. This ia usually better than to ose a etud screwed itito tlie 
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valve seat. If the latter is Hsed, it is likely to work loose and maj 
cause much damage before the trouble ia discovered; it is also 
more difficult to remove when repairing the valve. 

Tlie material for the valve depends on the liquid to be handled. 
For aeida or liquors of that nature, it is best to use wood, although 
it is not durable, yet it will last better than any form of metal; for 
salt, petroleum products, and strong alkalies, 'gun metal is the best; 
for all ordinary usfs, however, cast iron is good enough, and if 
used with composition discs there will bo no trouble from rusting 
fast even if the pump is idle for considerable periods. 

"With respect to valves for 
large pumping engines, they 
are best made of double beat 
typo, and usually of the "Cor- 
nish" form. For this a de- 
sign used by Mr. A. F. Nagle 
has proven very satisfactory; ■ 
it i« shown in Fig. 20. The 
features embodied in this de- 
sign are a small width of 
beat to avoid any possibility 
of sticking and to get rid of 
surface on which the prea- 
. sure of the water eanuot act- 
to oi)en the valve; a diam- 
eter large in comjjarison with Fif;. 26. 
tho lift so that the velocity 

Willi which tho water comes to the ojiening shall be small; a 
shajM! wliii'h avoids all sharp cnrvfs and ehuiigea of directioa and 
nil possibilityof air pockets. Tlievalvti has been found to embody 
all these qualities, to work noiselessly even at high speeds, and to 
follow the motion of the piston almost exactly. 

DESIGN AND CONSTRUCTION. 

Tho essential piirts of a reciprocating jiump are inlet valves, 
a cylinder, a piston or biickrt and outlet .valves. The purpose of 
each is ohvious. llmvever, in order to get the best results certain 
|)i)irits must be considered in tho arrangement and construction of 
cbese parts. Some of these have already been mentioned in the 
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description of valvea. AdmiesioD and ontlet ralvea are nanally of 
the same constraetion but sometimeB differ in Bize, die oatlet 
valves being Bmaller and more nameroua bo tbat the lift maj be 
less and theBlip under high pressnreB reduced. Talvo decks are 
UBQtdly arranged, one for the inlet and one for the outlet valves; 
into'theBe decka are screwed or bolted the valve Beata, aa already 
ahown ID Figa. 20—24, the valves extending above into a valve 
chamber aa Bhown !n Fig. 10. He valves should have apace 
enough between them end between the outside valves and the 
walls of the valve chamber bo that the area for the paaaage of the 
water shall equal that through the valve openings; Generally, 
conaiderations of strength of the valve deck also demand aa wide 
spacing as docs the necessary water way. 

The design of the cylinder depends entirely on the kind of 
pump; the conaiderations involved having already been mentioned. 
For a small and compact machine, the piatou type ia the best and 
this calls for a amoothly-bored barrel. In order that this may be 
easily renewed, it is usual to make the bored portion as a lining 
whidi fits an outer casting so tbat when worn by grit or long use, 
the lining maybe renewed without remaking the whole water end. 
Such a construction is shown in Fig. 16. 

If there is much sand or dirt in the water, it ib usually better 
to use some- form of plunger pump, as the round-turned plunger 
is much cheaper to renew than the bored-barrel lining; also the 
cylinder will be cheaper aa there is little boring to be performed. 
The difficulty of an inside packed plunger has been mentioned and 
also the ^ternative of a double plunger, outside packed. (See 
Figa, 17 and 18). In spite of the difficulty of ascertaining and 
stopping leakage past the piston, and the expense of boring and 
reboring or relining the cylinder, the piston pump ia naed, except 
for high pressure, more than any other form on account of its 
compactness. 

The bucket is rarely nsed except in vertical pnmpa and then 
almost entirely for mine or well purposes. It ia of the form of 
Fig. 25 with possibly the clack or hinged valve in place of the 
ball. The outside of the bucket is packed by cup leathers or by 
hemp packing, the aame as a piston, or it may simply have 
grooves turned in the outside to form a water packing. The 
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barrel is oi^d simply a brass pipe, bored to mabe a fit, and screwed 
to the end of the vertical pipe so that it may be easily renewed. 
Id the case of deep wells, the backet sbotild be made with a 
long bearing surface so that it may the more easily keep a water- 
tight joint aod may act as a steadier to keep the pump rod in line. 
The piston rod for a pamp is made much larger than con- 
siderations of strength would seem to demand, in order that there 
may be no vibration or deflection, as these would make it almost 
impossible to keep the stuffing box from leaking. Theoretically 
the rod for a long-stroke pump should be larger than that for a 
sbort-stroke of the same diameter; but, actually, the margin of 
strength is so great that the same size rod will answer for both. 
Allowance must be made in all cases for the reduction in 
diameter necessary to fasten the piston or plunger to the rod. 
This may be done by using a tapered end fitting a tapered hole in 
the body of the piston or by turning down the end of tbe rod and 
letting tbe piston bear against a shoulder; the latter method is the 
better. Usually a nutholds the piston in place, .the nut being in 
tnrn secured by a lock nut or sjilit pin through tbe end of the 
rod. Various modifications of these methods are of course used 
according to the fancy of the designer. 

The diameters of piston and corresponding rod for a rod of 
cold rolled strel, tensile strength R5,000 pounds, a factor of safety 
of 10 and a pressure of loO pounds are given in Table IV. 

TABLE IV. 
Piston diam. Rod diam. Diam. of rod end. 



12 2| 1| 

14 2J 2 

The water end of the pump ig necessarily long, as the piston 

must be of such length that it can be packed, and usually with 
some kind of soft packing such as flax, hemp or leather. Fig. 27 
shows the detail of a piston designed for use with square flax jmck- 
ing; the boiiy is fjiFfcniid to the piston rod by the nut A, the pack- 
ing laid in place, and the follower forced up by the nut B which 
is, in turn, secured in place by the lock nut U. For large sizes, the 
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design ib the same except that tlie follower is Bet up by a number 
of nuts near the etlije screwed onto stud bolts. 

The leather. ])afked piston is made as shown in Fig. 28. The 
packing is made by pressing sheets of wet leather into iron forme 
and allowing them to dry tliert.', after which tlio e<lgf'a are finished, 
The radius of the corner must bo large, so that tho hatbor will not 
l)e injured in the pressing pnx'e^^rt, about ^ to ^ inch K-ing suffi- 
cient. The diameter of tbo di.s'e from which the cnp is formed 
need not bo more than IJ to 1^ inch greater than that of the pis- 
ton, as there is no object in having the lip of the cup longer than 
just sufficient to make a tight joint. 

I^'wa common forms of piston packing are the metal ring 
sprung into place and the series of grooves. For the former, tho 



Fig. 27. Fig. 28. 

ring should be made about ^ inch larger 'iian the piston for a 12. 
incii piston; other sizea in proportion. For the groove packing, 
tho grooves are best made about ^ inch deep by ^ inch wide. If 
soft jiacking is uwed, tho length of a pieca cut for a ring should be 
somewhat lesa than that needed to hava tho ends meet when placed 
around the piston body in oi"der to allow for tho swelling of tbo 
packing as it becomes wet. One rule is to make the sjjace between 
ends e(pial to the width of tho packing. 

For a plunger, a hollow casting is generally used; the only 
requirement being that tho thiekiiePS shiill l)o suihcient to with-' 
stand tho pressure against which the jiurnp acts. Tlie length must, 
of course, be equal to the stroke plus tho length of tbo stuffing box ■ 
and an amount sufficient to ensure tliat the head of the plungor 
will never strike the gland. A plunger ie 60i&etimes used vitb an 
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open end and the partition Bet back into the interior of the plnnger, 
but this is not as Btrong a constrnotioa as the closed-ond type and 
ia more expensive to make. 

"With single-cylinder pumps it is cnstomary to use an air 
chamber on the discharge to steady the flow of the water and pre- 
vent shock, but for those having several cylinders this is not con. 
sidered necessary. Even if the motion is slow, and the pressure 
against which the pump works is great, it is better 
to use the air chamber even with multiple cylinders, 
and it is often advisable for fast running pumps or 
those with a long suction pipe to use an air cham- | 
bar on the suction Bide as well. The volume of 
the discharge chamber should be three to four 
times that of the piston or plunger displacement 
per stroke, and for the suction chamber twice such 
displacement if tho pump is single. For duplex, 
J to J less will answer. The neck of the chamber 
should be long and narrow, so that the air will not 
easily escape, and the flow of water into and out 
of the chamber will be somewhat retarded. For 
small sizes the chamber is made of copper in a standard form as 
seen in Fig. 29, the dimensions being about as follows: 

Diam. inches. Heighi, inches. Pipe-tap thread, inchea. 



For larger sizes a casting is used with straight sides and a 
hemispherical top as se^n on Fig. IT. For this style a common 
proportion is to make the height three times thu diameter and the 
diameter of the neck one-third that of the chamber proper. 

The air chamber on the disfiharge should be placed at the 
highest point of the valve chest and above the delivery opening so 
that the air will not tend to slip out with the water. Even then, 
the air will bo gradually absorlx-d by the water, and provision 
must be made for renewing the air cushion either when the pump 
is not in use by admitting air through a cock and allowing some 
water to escape from the valve chest, or continuously by an auto- 
matic pump. 
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The soctloa air ehamber ehoold be bo placed that the atream 
of water flowing to the pump maj cnshioo against the air in it 
withoat changiog its direction abmpt'y. Two positiona which 
foltill this condition are shown in Fig. SO. If it ia imposeible to 
place the saction chamber In sacb a position, the capacity should 
be increased considerably, the ainoant depending on the spet-d at 
which the panip is to be run. 

In designing the ralve chest, flat surfaces shoald be avoided, 
as they are not adapted to resist pressure. A roaoded or oral sur- 
face givea greater strength and will more easily conform to the 
outline presented by the valve studs 
GO JU and the top of the chest. A good 

design Is shown In Fig. IB. 

Clearance'is the name given to the 
space at the end of the cylinder into 
which the piston or plunger does not 
travel. It is not, as la the case' with 



M 



Fig. 30. 



the steam engine, a source of loss, 



f"-. I I J — L ine steam engine, a source oi i( 

\j1 [ /P" — >X I [ I hence it ia advisable- to providi 

( J ^=* generous amount bo that there will 

I V J J I be a place for grit or foreign 

N...__-^ "^ to settle, and no possible ch; 



matter 
possiMe chance of 
the piston striking the cylinder head. 
The portd or valve openings and 
the passages from the valve chesta to 
the cylinder should be large enough so that the velocity of the 
water when the pump is working at its greatest speed will be 
not over 800 feet per minute. The ports should be short and 
direct to avoid friction, and if possible should be so arranged that 
the water passes into, throngh and away from the pomp without 
changing tiie direction of its motion. This last condition nsnaily 
conflicts with the necessity of placing the valves so that they are 
readily accessible and is, therefore, disregarded by many makers. 
Tbe stuffing-box for rods 1 inch oi less in diameter ia made 
with a cap to screw over the end of the box and forecf in thi'fjland 
as in Fig. 31. For largur sizes the gland is forced in by nuts 
screwed on stud bolts which pass through a flange on the gland. See 
Fig' 83. The gland and bos may be bushed with brass as shown, 
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or made of Bolid iron. The box shotild be made deep enongli to 
allow fonr rings of packing and shoald preferably have the bottom 
and the end of the gland chamfsriMl in order to force the packing 
against the rod and make the joint more secure. 

The frame or body of the pamp is to hold all parte together 
and keep them rigidly in position. With this end in view, it pays 
to use enough iron to make the frame massive, yt^t it should be so 
distribnted as to be of the most use. The standards or legs should 
be of good length so that the pump may stand well away from the 
fonndatioD and be accessible. The feet should have a large 8Tir- 




Fig. 31. Fig. 32. 

face to secure stability and good bearing. For pnmpa which are 
to work against high pressures, round chambers connected by 
round passageways should be used for the valve chambers. Tlie 
valve chambers should be so arranged that the valves or seats may 
be easily removed and replaced, a convenient arrangement being 
that of Fig. 16 where the inlet valves are directly Duder the oat- 
let valves, hence can be readily examined Details of such an 
arrangement ao used in the Cameron and Davidson pumps are 
seen in Figs. 33 and 34 respectively. 

The arraneement of the parts of a pomp is the test of a 
designer's skill. Air pockets mnst be avoided in the cylinder or 
clearance sjKices, aa otherwise the pump will waste much of its 
effort on the air thus caught. The passage through the cylinder 
must be so designed that the water leaves at the highest point of 
the chamber and all recesses in which air might be caught mast 
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be carefully avoided. Air pockets in t!ie .discharge valve 
chamber are not seriouB, but in the inlet valve chamber they will 
result in lofit motion. 

Almost all small horizontal pumps are arranged with both the 
iolet and discharge valve chambers above the o^tiuder, as this 
makes all ralves readily accessible, and gives a compact water end. 
Uaqaestionablj smoother action and a more efficient pnmp would 
be obtained if the admisaion valves were placed below the cylinder 
eo that tlie water need not reverse its direction of flow while pass- 
ing tbrouirh tliepitmp; but it is a case for judicious compromise, 
and the common arrangement gives good service BO long as the 
speed of working is slow. 
Nevertheless, it is well to 
keep the better arrange* 
ment in mind, in which tlie 
suction enters st the bot> 
torn of the pomp and the 
discharge leaves at the top. 
The suction pipe nsnally 
comes in at one side, and 
thw discharge leaves direct- 
ly above it on the same side, 
as shown in Fig. 85, or the 
Fig. 33. Pig. 3t gjdg opposite. Fig. 35 is 

the cross section of a single cylinder pump. 

For the direct-acting steam pump, the steam and water 
cylinders must have their axes coincidenL The two cylinders 
should be placed as near each other as is consistent with provision 
for the valve gear and room to care for the stuffing boxes. 
Compactness is desirable, but convenience in caring for the pnmp 
and in making repairs is much more essertial, 

At tlie lowest point on each end of each cylinder provide a 
drain cock by means of which all water may be drawn off when 
tbe pomp is shnt down in order to prevent rusting or pitting and 
to avoid danger of freezing in cold weather. 

The size of the piston or plnnger and length of stroke are 
determined by the capacity desired. Tlie allowable speed of 
piston is often stated as 100 feet jK^r minute, but it is better 
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limited to 60 double strokes per minute, as tbe detenniiiing 
factor ia really the time needed for revers&l and changes of Talres 
at the end of the stroki^. For small pamps the limit might be 
- made 100 donble strokes per minute, but the eiaaller cc^mber is 
better. At 60 double strokes or 130 single strokes per-mioutu 
the piston speed in feet per minnte will be: 

where t is the stroke in inches; and for 100 double strokes the 
speed will be y times the above valne or 10.7 I, For pumps of 
over 6-incb stroke this higher limit is not advisable. 

Table V gives the capacities of varions 
cylinders at 60 doable strokes per min- 
ate, without allowance for slip. 

Prom Table V can be seen directly 
the capacity of any size pomp at a speed 
of 60 strokes per minute, or the diam- 
eter and corresponding length of stroke 
needed to move any given number of 
gallons per roinate. To find the capacity 
at any other speed, divide the given 
capacity by 60 and multiply by the 
nnmber of d.onble strokes at which the 
pnmp is to run. Thus to find the 
capacity of a pnmp 3 inches diameter by 4 inches stroke at 80 
strokes; the capacity at CO strokes is 1-1.7 and at 80 it wilt be 
14.7, 




Fig. 35. 



00 



-X80 = 19:6 gallons per mintite. 



Tlio ratio of stroke to diameter may be chosen by the designer, 
the value in standard designs running from 2:1 to 1:1. 25, the 
more common being 3: 3 and 1: 1. 

The first value to be found ia the amount of water to be 
handled pur minute, and this will usually bo determined by the 
work for which the pnmp is to be naed. The allowance for "slip," 
that is, the loss due to slow closing of the valves and leakage must 
then be added bufore the size of the water end can be settled. 

The slip depends on the style of valve naed, the size of "pump 
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and tlie spefnl at which it runs. Approximate values are shown 
in table VI. 





Slip in Percent of Volume Pumped. 




At high speed. 


At low speed. 




50 
40 
25 
15 
8 
6 


60 








SO 








10 


Mine and Deep Well Pumps 


6 







AYe can now determine the eize of a pump to move a given 
volume of water. Suppose, for example, that it 13 required to 
force 200,000 pounds of water through a condenser per honr. 
This, at 8.338 pounds per gallon, would be 23,987 gallons per 
hour, or 400 per minute, if there were no slipj but for a common 
lift pump we must allow 10 per cent so that the capacity must be 
for 400x1.10=440 gallons per minute. From table V this 
would require a 10x12, a 0x14 or an 8x18; the 10x12 would 
be the most common proportion. 

The area of valves should be such that the velocity of the 
water through them will not exceed 250 feet per minute; for 440 

440 X 231 

gallons, the volume would Y' 



1728 



S.8 cubic feet. At 



3S.8 



250 feet per minute, the valve area =: -^j^^ = .2352 square feet, 

or practically 34 square inches. Tlie area of 3.inch valve is 7 
square inches, so that the five valves would be sufficient. The 

Ml 

= .723 



1 valves would be sufficient. 

circumference is 9.42 inches; this gives a lift of _ - ^ -j - 

inch, an amount perhapi not too great for smooth action at the low 
pressure of a condenser pump; but it would be better even for this 
service to use twelve 2-inch valves giving a lift of .45 inch. 

To find the power required, it is necessary to know the 
pressure against which the pump is to act both for suction and 
forcing. Assume this to lie, in the present case, 5 feet of 
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suction head and 6 ponnda pressure due to the friction !□ 
piping and condenser tubing; the total preBsnre will then be 7.10 
ponnds per square inch, and on the 10-iucb piston tbe total 
force would be 78.54 X 7.1C = 502 pounds. Tbe pump is to 
iiake 120 strokes per minute, each stroke being 12 inches or 
one foot long, so that tbe work per minute would be 120x502 = 
07,440 foot pounds, and the power 07,440-5-33,000 = 2.04 horse- 
power provided there were no friction. It is customary to allow 
25 per cent for friction in pumj>8, which would increase tbe power 
required to 2.04x1.25 = 2.55 horsepower. 

To find tb« diameter of steam piston needed, the steam 
pressure must be known and tbe foregoing process can then be 
reversed. Assume tbe pressure to be 80 pounds; the work per 
minute is 2.55 X 33,000 = 84,000 foot pounda, which, at 120 feet 
per minute would require a force of 700 pounds, and, at 80 

pounds per square inch an area of ~z7r- = 8.75 square inches, cor- 
responding to about a 3|-inch diameter. Usually the steam and 
water ends are made much more nearly tbe same size than this 
would indicate and the steam throttled between tbe boiler and the 
steam end of tbe pump, so that the pump may be adaptable to a 
wide range of conditions. 

The parts of a pump should be proportioned to withstand the 
forces which are to come on them, not only without danger of 
breaking, but without bending. For the parts which are to be of 
east iron, such as cylinder, valve-cbeBta and frame, tbe considera- 
tion which decides tbe dimensions is often tbe thickness of metal 
which will cast well; while for the piston it is the length which 
will give a good bearing surface on tbe cylinder to resist wear, 
and a tight joint to prevent leakage. These points are largely 
matters of experience and good judgment, but some ideas can be 
given as to common practice. 

For a packed piston, usually 4 rings of |-inch square packing 
are used. Common values of rod diameters are given in Table 
IV. In designing the body and follower of the piston, it should 
be remembered that tbe less weight tbe better so long as the 
strength is sufficient; but a piece of cast iron less than §-inch 
thick seldom casts well in any complicated casting. 
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For the cylinder, the same equation may well be naed for both 
steam and water ends. Whitham gives, allowing for strength, 
rigidity and possible reboring: ^=.03i/P 1) where P is the 
maximum pressure in the cylinder in pounds per square inch 
and D the diameter in inches; i is of course the thickness of the 
cylinder walls. The length of the cylinder will be the length of 
stroke plus the thickness of piston and fastening nuts plus twice the 
clearance at one end which should be at least ^ inch. The clearance 
should be counterhored to leave the length of the bore somewhat 
less than the length of stroke plus the length of piston. The soft 
packing or piston rings should not, however, be allowed to run 
into the counterbore. An average of various formulas for the 
thickness of cylinder heads and flanges as given by Kent, is ^ = 
.00036 P D+.31 inches. The flanges on the cylinder are made 
of the same thicknesa as those on the cylinder head. 

For large cylinders it is usual to support the head by ribs 
tunning from the center to the circumference, though some 
designers consider this bad practice. The flange through which 
the belts pass is made ^ thicker than the thickness of heads given 
by the above formula. To avoid springing of the flanges, cylinder- 
head bolts should be so spaced that the distance on centers will be 
not over 4 to 6 times the thickness of the flanges. The diameter 
should be such that the stress in the bolts will be less than 5000 
pounds per square inch. If N is the number of bolts and d their 
diameter, 

N X -~-X5000=-^ P, and simplifying, 



\ 5000 N 

The area of Inlet and discbarge ports and pipes should be at 
least equal to that of the valves. 

The thickness of the walls of the valve chambers is usually 
a little greater than that of the cylinder walls. For high.pressure 
pumps it is best to give these chambers as uearly as possible a 
cylindrical form in order to secure the greatest strength for a 
given weight of material. 

Fur the frame, it is impossible to give any rules or sngges. 
tiona except that the student should get catalogues from ths 
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prominent makers and Btndy them to see what has been found 
satisfactory. 

For proportioning the driving end of a pump, whether 
Bteam, belt or motor driveD, the ordinary rules for the kind of 
machinery involved apply- However, it should be remembered 
that the parts are subjected to severe shock on the reversal of the 
pnmp, hence a factor of safety as high as 15 should be used. 

Where pumps are required for special service, the amount of 
water to be pumped per hour is generally fixed by the conditions 
of the service; but for a few cases the method of determining 
that amount can be definitely given. For a boileMeed pump, it 
is necessary to know the horse-power of the boilers to be cared 
for by the pump. One boiler borse-power will call for the 
handling of SO pounds of water per hour, and the pump should be 
specified accordingly with an allowance for good measure. For 
ao air pump to remove the air and condensed steam the amount 
of fluid to be bandied is diflicult to estimate, hence, a common 
rule is to make the volume of the double-acting air-pump 
cylinder ,Y that of the low-pressure cylinder of the engine which 
it is to serve. The double-acting circulating pump has a volume 
about j'j that of the low-pressure cylinder, or it may be figured 
from the horse-power of the engine, assuming the steam consump- 
tion at 25 pounds per I. II. P. per hour, and the cooling water 
at 30 pounds per pound of steam. Of course for accurate calcula- 
tion, the steam consumption would vary with the sizo and type of 
engine, but the above will give safe average values. 

Fire pumps are designed with specialcare to meet the require- 
ments of the insurance companies. Stated briefly these are: 
Ability to start instantly after long disuse; must be duplex, with 
cross-operated valves; should preferably be of plunger pattern; 
must be brass-fitted throughout; designed to carry a water pres- 
sure of 320 pounds; suction valve area should be not less than 50 
per cent of plunger area for lO-inch stroke and 5fi per cent for 
12-incb; discharge valve area should not be less than § the sue- 
tion-valve area; valve springs should be cylindrical, riot conical, 
and held at the ends in a groove; studs to be so designed as to 
always allow a lift | of the valve diameter; valve seats should 
be of gun metal held in the deck by a taper thread, or a smooth 
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taper bore forced in, having the lower edge tarned over; least area 
of exhaiiBt passage ehonld be 4 per cent of piaton area; admission 
ports should be not less than Sil per cent of piston area; clearances 
sbould he as small as possible; valve tappets ehoald he non- 
adjustable; cushion vdlves controlling a by-paes from steam to 
exhaust port to regulale the amount of steam cushion at ends of 
stroke are recommended for 750 and 1000 gallon pumps; a gauge 
should bo provided which will show at all times the length of 
stroke that the pmnp is making; water-pressure gauge with ^-inch 
lever cock shoold be connected close to the air chamber; a relief 
valve of AshtoD, Crosby or similar pattern and of size sufficient to 
discharge the full throw of the pump working at § speed should 
be furnished and set to 100 pounds pressure; this valve should 
have a hand wheel conepicuonsly marked showing the direction 
to .^-'opEN^^ ; relief valve should discharge downward into a 
vertical pipe, thence into a funuel; §-inoh brass drip cocks with 
lever handles should be on both ends of the steam and water 
cylinders; a ^-inch lever air-cock should be on the cover over the 
water cylinders; each pump should he fitted with brass priming 
pipe, starting with a 2x1x1 inch brass tee close to the pump 
beneath the delivery flange and leading to four ^-inch valves, one 
opening to eadi of the four plunger chambers; a priming tank 
should be provided with bottom at least 5 feet above the pump, 
■ and having a capacity half that of the pump in gallons per minute, 
unless water flows to the pump under pressure; priming tank 
must be used only for that purjmse; each pump is to bo fitted for 
hose connections as per number of streams to be served; capacity 
of cylinders, sizes of piping, air and suction chambers and relief 
valves should be as per Table VII. 

A special acceptance test is demanded as follows; The pump 
must run smoothly and without slamming at its full rated speed. 
maintaining a water pressure of 100 pounds per square inch when 
furnished with steam at a pressure of 45 pounds for the 500-gal- 
lon pump, 50 pounds for the 750-gallon pump, 55 pounds for the 
1000-gallon j)umj). The water to be discharged through IJ-inch 
nozzh's on hose linos 150 feet long; the hose must lie quiet, show- 
ing uniform delivery; with all water outlets closed and steam sup- 
plied to give 80 pounds water pressure, leakage must not allow 
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the pamp to make more than one doable stroke per tninute; witli 
water outlets nearly closed and pump running slowly it must carry 
water pressure ot 240 pounds per square iiicli and all joints 
remain practically tight; with relief valve set at 100 pounds and 
all other outlets closed it must discharge full delivery at 50 double 
strokes per minute with the water pressure rising to not over 125 
pounds. 

These sjjecih cat ions call for a first-class design and conetmc- 
tion, hut such are necessary if a £re pump is to serve its purpose 
of a protection in case of emergency. 




A name jilate must be ])laced on the inboard side of the air 
chamlH-T bearing data as follows in black enamel letters i inch 
high on a w:hite enamel ground: 

Diameter of cylinders and stroke Iti X 9 X 12. Capacity gal- 
Ions per minute 7D0 orthreelj-inch smooth nozzle streams. Full 
s[H;ed, revolutions or double strokes. "For Fire purposes never 
let steam get below 50 j>ouii<ls, nights or Sundays." 

TYPES. 

In classifying jmmjis by types, two methods of division 
naturally suggest themselves; the first according to the arrange- 
ini'iit of the water end, the second according to tlio means of 
driving employed, Tlio difference between single-acting and 
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double-acting jiumpa has already been noted; the single, dnplex 
or triplex arraii<renieiit, dejienda on whotLer one, two or three 
cylinders are aeaemblL-d into a eiiiffle machine, drawing water 
from the Biinie suction inlet and diBcharging it into the same 
outlet. 

The single pump 'm much UKttl for small sizes or where con* 



Fit;. .17. 
Btancy of tlnw ia of minor itnjiortanco. It is, of course, the 
clieaiK'st arran^cinont anil f^ivea satisfactory results if the pump 
ia of ample si/e for thu work. A diHiculty with this ty[te of 
pump is the provision of a means of operating the steam valve to 
reverse tho motion of the piston at the end of the stroke. The 
pistons in steam and wattT cylinders must be stopped gradually to 
avoid iiounding, and this leaves no force available just at the end 
of the stroke when it is needed to move the steam vfflve so as to 
reverse the motion. 

The ditiiculty bus been overcome in two ways; first by the 
introduction of a uliaft and fly wliccl, driven by a crank and a 
yoke in tlie rod between the steaTii and water cylinders a" seen in 
Vig. ;{f), Tlie inertia of the lly wlieel then furnishes tlie force 
needed to move thy valve at the instant of reversal, generally by 
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means of an eccentric on the shaft. This form is often used for 
fire-engines, two or three sets of cylinders sometimes being 
connected to one shaft, in which case the pnmp becomes of 
duplex or triplex form. For stationary pnmps, the fly wheel and 
shaft are more commonly placed beyond the cylinders at one end 
of the frame, and the shaft is driven by a crank and connecting- 
rod mechanism from a crosahead attached to the piston rod as 
seen in Fig. 37. The fly wheel also makes it possible to nse 
Bteam expansively. The second method of effecting reversal is 
by the nse of an auxiliary valve and steam-driven main valve. 
This is the system generally found on small, single-cylinder, 
direct-acting pumps for boiler feeding, tank filling and similar 
uses. The details of the devices used vary greatly with different 
makes; these will be taken up later. 

The single pump is compact, cheap and couve.iient, but the 
flow of water is by a series of impulses rather than in a steady 
stream, so that, if the pump is forced, it slams badly and produces 
water hammer, an evil but partially remedied by the use of 
discharge and suction air chambers. 

Duplex pump. To avoid this, and at the same time to 
simplify the moving of the steam valve, the late Henry R. 
Worthington devised the dnplex form, in which two direct-acting 
pumps are mounted side by side, the water ends and the steam 
ends working in parallel between inlet and exhaust pipes as seen 
in Fig. 38. The steam valve for cylinder A is moved by a bell- 
crank lever driven from the rod of cylinder B as it nears the end 
of its stroke; so that, when the piston of B is about to come to 
rest, that of A is set in motion. While the piston of A 
makes its stroke, that of B is at rest until that of A, near the end 
of its stroke, moves the steam valve of cylinder B by means of a 
second bell-crank lever, and the piston of B is once more set in 
motion. Thus the pistons move alternately, but one or the other 
is always in motion and the flow of water is made practically 
continuous. By this arrangement the auxiliary steam valve is 
made unnecessary and a simple U valve, driven by a valve rod 
running through a stuiHng Ijox, is used. 

The triplex pump having three cylinders delivering to the 
same outlet is generally used for power pumps; the pistons or 
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]ilun<rer3 are driven from a. Bbaft by three cranks or eccentrics, aet 
at 120 degrees to each other bo that the turning effort required on 
the shaft may be as uniform as possible and the flow of water 
steady. A style often UHi'd is single-acting with trunk plungers, 
that is, the connecting rod which drives 
the plunger is fastened to a pjn inside 
the hollow body of the plunger as si^en 
in Fig. 39. This giies a compact form 
and one not likely to get out of order, 
but the trunk arrangement 13 inconven- 
ient in case of any wear on the pin in> 
side the plunger, and the side throat of 
the connecting rod creates a certain tend- 
ency to wear the plunger packing so that 




Fig. 38. 

It will not remain tight. On the whole it is better, though more 
expensive, to have a regular crosshead and ways to receive the 
thrust of the connecting-rod as in Fig. 42. The cylinders in this 
style of pump are usually vertical and the crank shaft is driven 
through a pair of reducing gears from a second shaft which is, in 
turn, driven by a pulley and belt or an electric motor. 

Methods of Driving. "With re8i>ect to the method of driving, 
the most commoa type of pump is the direct-acting, steam-driven. 
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with steam piston ftnd water pistoa or plnoger on opposite enda 
of tlie same rod. For small sizes, the steam cylinder works wiith- 
oat expansion of steam, the piston being driven by fall boiler 
preasure thronghont the stroke. In fact it is impossible to avoid 
this feature of full-stroke admission, since the pressure in the 
water end is constant throughont the stroke, unless some means, 
such as a fly wheel or accumulator, be provided, a complication 
which is nndcBirable with small powers. The simplest way to 
make any use of the 
expansive force of the 
steam is by compound- 
ing; that is, letting 
the steam exhaust 
from the small, high- 
pressure cy]inder,into 
which it is first ad- 
niittfd, to a larger 
low-pressure cylin- 
der, placed in tan- 
dem, with the first 
one. See Fig. 40. 
This arrangement 
gives a pressure on 
the low-pressure pis- 
ton, which gradually 
decreases from the be- 
ginning to the end of 
the stroke while the 
pressure on the Iiigh-pressuro piston is constant, so that what- 
ever useful work is gaint-d from exjwinslon is in the low-pres- 
sure cylinder. Tlils is, however, found to be sufficient to pay 
for the extra cost if the service is continuous, in sizes having 
a water cylinder over 8x12 inches. The compound pump is nearly 
always duplex, though a few niannfacturtirs offer a single tandem- 
compound style. Since the steam pistons must move together, 
the steam vjilvcs must move together, and a single motion serves to 
operate the valves for both hich and low-pressure cylinders. 
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Th© Bimple steam-driven pump reqairea from 60 to 120 
pounds of Bteam per horee- power, per hour; the gain by compound, 
ing is about 30 per cent per 100 pounds increase in boiler pressure, 
so that the steam consumption will be 40 to 05 pounds per horse- 
power hour. 

The Tolame of the low-presBure cylinder is made from 2 to 4 
times that of the high-pressure, depending on the initial pressure 
to be used. 

Tlie large steam consumption of direct-acting pumps of the 
single-cylinder type has led to the adoption, in many large 
stations, of power-driven pumps of various kinds. It is probably 
true that the cost for steam is less by this method when the power 
is developed by large engines, even after the losses in transmission 
are accounted for, because the efficiency of the engine is so much 
greater than that of a small pump. But, for sjnall plants, the 
convenience of having the pump located near its work and of 
being able readily to control the speed has overbalanced the con- 
sideration of saving. 

As previously mentioned, nearly all power pumps are geared, 
the power being applied to a driving shaft as seen in Fig. 39. 
The belted type is driven from a countershaft and provided with 
fast and loose pulleys used for starting and stopping, but there is 
usually no means of speed regulation. This, together with the 
expense of belting, the room needed and the fact that the con- 
venient location for a pump is likely to be such as to make a belt 
a nuisance have prevented a general uge of this type, and with the 
general introduction of electric power into all plants, the motor- 
driven pump is superseding it. 

The motor-driven pump is of the same general form as the 
belted, but has an electric motor mounted on the driving shaft in 
place of the pulley, or has a double-reduction gearing as in Fig. 
41. The high speed at which motors run make this double 
reduction necessary except in the case of large pumps. The only 
alternatives are the use of a large, slow-speed motor or a belted 
motor, either of which would Iw cumbersome and expensive. As 
to efficiency, probably there is not much difference between the 
belted and the motor -driven types. The electric method of trans- 
mitting power from the engine to the pump will be more econom- 
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ical tlian belting, but the tiansformatioD in tlie motor and the 
loss in the extra eet of gears will offset this. 

The speed of the motor can, however, bo controlled by b 
Btarting box, or rheoetat in the field circuit, hence the motor, 
driven has a considerable advantage over the belted tjpo. 




Aa compared with tin 
be about like this: 



Fig. 41. 
direct. acting ty|)0 the economy would 



Direct-dcting — steam coosumptio 



of engine, per B. H. P. hour, average 
35 pounds; at an efBciency of trana- 
mission for belting of 70 per cent and 
for gearing of 85 per cent, this would 
tequire about 59 pounds of steam per 
hour per H. P. delivered to the pumg 
and at aa efficienc<r of 75 per cent for 
the pump this would give about 79 
pounds of steam p^'' hour per H. P. 
of effective vork. 

Q as before, 35 pounds; efficiency of 
dynamo 93 per cent, of transmission 
90 per cent, of motor 93 per cent, of 
gearing 72 per cent, of pump 75 per 
cent, gives a steam consumption per 
effective H. F, of 63 pounds per hour. 

Of conrse with large anits the efficiencies may be better, but 
the relation woold be about the eame. The greater conTeoieoce 
of the direct-acting pomp as to size and loeaiu oS control* and tbt 



Belt-driven — steam conaumptloi 



Motor-driven— steam consumptii 
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ability to start it when the engine is not running Lave weighed in 
its favor in the majority of eases. 

For some few places a gas or oil engine has been need for 
pump driving. In this type a clutch must be introduced between 
the engine and the pum]), Fig. 42, aa the engine will not etart 
under load. Tb© engine must first be started, then the pump 
thrown on empty and finally the valves operated so that the pump 
will begin to work. There is no means of varying the speed, but 
a regulator ia sometimfs introduced which throws out the clutch 
when the water reaches a certain height in the tank or reservoir 



Fig. 42. 

to be filled. This type is used only for such service as water sap. 
ply for a house or reservoir system, and would hardly be desirable 
elsewhere. 

To economize in floor space, the vertical marine type ot pnmp 
is used. This is generally duplex, but occasionally single, and 
except for the vertical arrangement is identical with the hori- 
zontal type. 

Another special type is the combined-condenser pump. Fig. 
43, in which the steam cylinder is place*! in the center and drives 
on one end of the piston rod a vacuum pump for drawing the con- 
densed Bteam and air from the condenser, and on the other end a 
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pomp for forcing the cooling water through the condenser tubes. 
The 'steam cylinder ia the same aa for any single pntnp except 
that there is a staffing box at each end; the water end is the same 
as for any puuip; but the air-pump end has composition disc 




valves with an area of opening larger than that for a water 
cylinder of the same size, and the springs which close the valves 
are set at a less tension than for water. 

Air pumps of special forms for condensers are often nsed 
combined with the condensers; they are driven by a separate 
engine or by a bell-crank lever from the crosshead of the main 
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engine. The cyliadera are often vertical and single-acting on the 
lifting principle with valves in the top of the hucket. A nniqne 
and in eoms ways commendable stjle is that of Fig. 44 which 
avoids inlet valves and valves in the bucket, yet removes both air 
and tho water of condensation quickly and effectively. Con- 
densed steam and air flow into' the lower recess A through the 
passage B from the condenser; as the piston descends, it forces 
the water from A ^o that it shoots np in the direction indicated 
by the. dotted lines through the ports pp into the cylinder C, 
The piston rising, closes ports piy and catches the water and air 
in tlie cylinder forcing them out 
throngh the valves v in the top 
into the discharge chamber P^ 
whence the mixture escapes 
through ^e exhaust passage K 
to the hot well, or wherever may 
l>e desired. 

For certain uses, such as keep- 
ing up the pressure on a hy- 
draulic elevator system, drain- 
ing a pit or maintaining the 
water level in a tank, it is essen- 
tial to have an automatic method 
of control which shall start and 
stop the pump as may be needed. 
For direct-driven steam pumps ^' 

this is accompliEhed by control of a damper valve or a quick- 
acting gate placed in tho steam pipe and for the motor-driven 
pump by a switch on the starting resistance box. In the one 
case, a Hoat is moved with the water level, in the other a dia- 
phragm worked by the tank pressures actuates a series of levers 
as Ei'en iu Fig. 41 so as to work the steam valve or switch as the 
case may be. 

For high prt'ssures and high speeds what is Jcnown a^ the 
Kiedler System of mechanicjilly ojHinited valves (Fig. 4o) is found 
especially desirable. The valve is of the poppet type, mado so 
largo lliat one valve answers for each end of a cylinder and is 
opened and closed by a rocking arm N, tamed by a link and 
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driven from a wrist-plate much aa in a Corliss- engine valve motion. 
The mec-lianicul driving permits a higli lift, with rapid opening 
and closing at tlie end of the stroke, tlius decreasing the slip and 
shuck. The high lift, 1 to 2 inches, and large water passages 
decrease the friction while the mechanical operation of the valves 
also allows of the high piston speed necessary to secure economy 
in steam consumption. 

Referring to Fig. 4.", Uie valvo hody P lias on its lower face 




a leather seal S secured by a j)lat« O. The sleeve D works on the 
spindle B, raided by a pin in the anna K which passes under the 
collar II and is lowered by the pressure of the blocks J on the 
cushion plate G. F ia a rubber bulTcr to take the shock in case 
an obstruction geta into the valve. The arma K are mounted oii 
and turned by a spindle wbich piisses through the bnsBing C and 
ia rotated by the crank L and crank pin N. One vaVe is used for 
irdet and one fur outlet on each cylinder, aa seen in the right-hand 
plunger of Fig. 4^; for the left-hand end, the oulIuI valve of the 
lar^r plunger acts aa an inlet and the clack valve between passages 
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C sod J> acts as an outlet valve. ' The differential type of pamp 
here shovn is used for high prefisnres and to give a contiouoQS 
flow with few valves; the cross-section of plunger H (Fig. 40), is 
. half that of J, heoce, on the stroke towards the left, half tiie water 
discharged by J is thrown into the small planger chamber and 
half into the passage D ; on the stroke towards the right, the half 
which entered the smalt planar chamber is driven into chamber 
D and the la^ plunger draws its full qnantitj through the 6uc< 
tion pipe B. The large passages and valves, the ample discharge 
and suction air-chambers, together with the positive opening of the 
valves, combine to make this pump very efficient and guiet in run- 
ning. However, it requires a large space in proportion to its 
capacity while its complexity makes it expensive, so that it is 
available only for large sizes and in places where the space occu- 
pied is not of special importance. 

STEAM VALVES, 

The simplest form of valve is that used with a fly-wheel 
pump and which is moved by an eccentric as seen in Fig. 37; the 
detail is showa in Fig. 47 and the action as follows: ' 

With the valve v in the position shown, steam is flowing 
through the port a' into the right-hand end of the cylinder and 
forcing the piston towards the left; at the same time, any steam 
which may be in the left-hand end of the cylinder is driven out 
through the port a into the exhaust passage b and thence to the 
exhaust pipe. If the shaft K be turning as indicated by the 
arrow, the eccentric e which is keyed to it, will also turn, and 
sliding in the eccentric strap S will draw it towards the right, 
and with it the valve. When the eccentric has made a fourth of 
a revolution it will be vertically above the shaft, and will have 
drawn the valve over so that it covers both ports, while, at the 
same time the piston will have moved so that it will stand at its 
extreme left-hand position. As the motion ^continnes, the left- 
hand port a, will be opened to steam and the port a' to exhaust, 
causing the piston to reverse and move towards the right, which 
will continue ontil the eccentric has moved the valve to its extreme 
right-hand position and back to cover both ports. The eccentric 
standing directly below the shaft, the piston will again reverse and 
start towards the left, and the cycle be repeated. 
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This Btyle of vaire is called the D valve,' and 19 machnsed tor 
punipB and for the smaller reciprocating ateam eDgines, For the 
ordinary pump the valve is made so that when in mid position 
it jnst covers the ports, and steam will enter one or the other end 
of the cylinder^ if the valve is moved from that position. . Steam 
will then be admitted full stroke and work without expansion in 
the cylinder. If it is desired to ntilize some part of the expansive 
force of the steam, "lap" must be added to the valve as shown at 
a, Fig. 48, BO that the port may be closed before the piston reaches 




BTg. 47. 

the end of the stroke; then the eccentric must be turned forward 
on the Bhaft in the direction of its motiou in order that the valve 
may open by the time the piston la ready to reverse, and then " in. 
side lap," b, must be adjusted so that the exhaust port will neither 
open too BOOD, thus wasting the expansive energy of the steam, nor 
close too early, thus causing too great a compressioa of the steam 
' caught between the piston and the end of the cylinder. 

The coDBtruction is the same as for a simple reciprocating 
engine, which indeed it is, with the addition of a pump cylinder 
and piston attached to the end of the piston rod. 

Another form of valve common in pomps is the B type, Fig. 
49. The action is the same as for the I) type, except tl^t eteaio 
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' Sows into tbe cylinder throngli tlie cup-shaped cavity in the TBlre 
instead of paet the eiid, and the inotion of the valve relative to that 
of the piston is the opposite of that for the D valve, Hie B type 
is adapted for aao widi tiie steam 'driven valve to he described, but 
is not suited to be driven by an eccentric The steam-driven valve 
is used on the great majority of small Bingle pnmps on account of 
the compactness^ light weight and low coBt and in spite of the poor 
steam economy. In a few of the first named pumps, for instance, 
the early Worthington, single type, the main steam valve was 
moved by tappets on the valve rod which were struck by an arm 
fastened to the piston rod, Thia was not certain in its working 
and has been displaced by the main valve moved by a small piston 




Fig. 48. Pig. «. 

working in an auxiliary cylinder, Stoain is adi'iitti^d to this 
cylinder by an auxiliary valve moviid by a tappet or lever mechan> 
ism worked from the main piston rod. 

The designs of different makers vary more in this detail than 
in any other, and we shall now discusp a few typical examples at 
some length. 

Tbe first to be developed was the Knowles, Fig. 60, The 
chest piston A is moved by steara admitted through ports m and 
s between the end of the chest piston and its cylinder, and carries 
with it the main steam vnlve B, which opens and closes the ports 
to the main steam cylinder. The ports xyz and of y' s\ of tbe 
small detail view, are made to register with tbe ports m n and 
vt' n' by the turning of the chest piston by the tappet C driven by 
the rocker.bar R and the roller E. As the main piston reaches 
its left.hand position, t^e roll E will lift the left-hand end of the 
nMsker bar and place the ports so that steam is admitted to the 
right of the chest piston and exhausted from the left; tbe main 
valve will then be carried to the position shown in Fig. 50 and 
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Btesm be admitted to the left-hand end of the main steam cylinder in 
order to drive the main piston towards the right. At the other 
end of the stroke the operation will be reversed. The arm F will 
not strike tappets C or D unless the steam fails to move the main 
valve, in which case the piston A would be driven by preasnre on 
the tappets, but with more or less slamming depending on the 



Pig. 50. 

Tile third set of ports in the chest piston and its scat are to 
form a connection between the two ends of the auxiliary cylinder 
after the chest piston has moved a certain distance in order to pre. 
rent its striking the end of tte chest. The length sf stroke can 
be changed by altering the height of the roller E, and unevenness 
of stroke at the ends can be remedied by changing the length of 
the link L. 

An entirely different stylo of valvo is that of the Cameron 
pump, Fig. 51. F is the valve-piaton which drives the valve G, 
by means of a projection which sticks up through the neck of the 
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piston. The ends of the valve piston are hollow aa bIiowd in the 
croBS-aection of the right-hand end, and a email hole P, at each 
end admits steam at full pressnre to the enda of the cheet cylinder. 
If the main pieton C ia moving to the left (as it would be with 
the valve G in the position shown), when it reaches the end of the 
Btroke, it will strike the reversing valve I* and force it ojKm, thus 
allowing the steam at the left of the valve piston to flow into the 
oxhanst port throngh tho jmssage E'. The steam at the right- 
hand end of the valve piston will expand, forcing the piston F to 



Pig. 51. 
the left ami (.-anTing Viilvts (i with it, thus o]K.'ning tlio right-hand 
end of tliu iniiin eyliniiiT jV to the exhaust and the left-hand end 
to live steam, wliidi will K-verse the motion of the piston C. 
As the valve piston nuivt's to the left, it will cover and close 
llie port E' hence will lie hrtftight to rest without ehock by the 
ensliioning of tlie enclost'd steam. .Vs soon na the [)iston C leaves 
it, the revcrtiiiii^ valve I' will l)e closed hy the pressure in the 
passage X' whit-li is filh-d with live steam. At the other end of 
the stroke, the eamo series of tpenilions follows by the action of 
the reversing valve I, 
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The valves require no adjuBtment and are easily bronght to a 
new seat when they become worn, by removing the bonnets. If 
piston F becomes worn after long service, the cylinder may be 
re-bored and bushed or the holes P may be drilled a little larger, . 
which will give greater pressure in the end of the chest cylinder 
and keep the pump working steadily for a long time even with 




the piston F considerably worn. H is a starting lever, worked by 
a handle outside, for nse in case the punip should stop with the 
valve G covering both admission ports. 

A third style of valve is shown in Fig. 52, that of the Deane 

* of Holyoke. In this the auxiliary valve is in the form of a yoke 

surrounding the ihain valve; the working-valve seat and ports for 

the auxiliary are at one side of the main-valve seat, and the ports 

supply steam to or exhaust it from the ends ' o£ the valve-piston 



,vGo6gle 



66 STEAM PUMPS 



chamber throngb openings in the end of the piston. The aoxiliary 
valve Ib moved by a valve rod actuated by tappets and a series of 
levers from the main piston rod. If the valve piston fails to move 
the main valve, the auxiliary valve, acting aa a yoke, will finally 
drive the main valve over, by poaitive action. 

A somewhat similar device is nsed od the Dean Bros*, pump, 
Fig. 53. There is, however, no period of rest of the auxiliary 
valve, the motion being similar to that given by an eccentric, and 
there is no provision for moving the main valve other than by the 
valve piston, because the positive driving of the anxili&ry valve 



Fig. G3. 
makes this unnecessary. The auxiliary valve F works on a seat 
G on the side of the valvc-piston cylinder, being driven by 
the rod A and the rocker arm R from the main piston rod P. 
The length of its stroke can be changed by moving the pin B in 
the slot of the rocker arm, and the stroke of the main piston will 
thus he changed. The main valve is of the D form with a pro- 
jection from the top which ia engaged by the valve piston; the 
ports enter the cylinder, as in practically alt direct-driveo steam 
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pnraps, at eome distance from the end; thaa eteam will be cangbt 
to form a coahioa for tli% piston at the end of the stroke. 

The anxiliaiy valve, Fig. 03, is made very short and is bo 
arranged that its ports are open only when the main piatoo is near 
the end of its stroke. Porte i h' are for admission of live steam 
and port e is for exhaust. All three porta are covered by the 
valve except when near the end of its travel; then the groove d id 
the face of the valye connects ports h and c and allowa the steam 
to exhanst from the left-hand end of the valve piston while port h' 
is uncovered and live eteam ie admitted to the right-band end; or,' 
at the opposite end of the stroke, groove cV coDoects h' and c, and b 
' is imcovered. This conetmction prevents waste of et&am if the 
valve piston becomes worn in its cylinder, since live steam is con* 
dncted to that cylinder only during the moment of moving the 
|uston. The etroke of the pump can be easily regulated and the 
aciiou is noiseless. 

A valve with a peculiar cut-off action is used on the Blake 
pump. In this, as it stands in Fig. hi, steam is'entering the bead 
end of the cylinder through the porta E and II, and is exhausting 
from the crank end through ports II', E', K and M. As the main 
piston A nears the crank end of the stroke, the valve C is moved 
to the left by a systum of levers airailar to those qd the Deane 
pump, which strike tappets on the rod P. "When this happens the 
Ing S on the valve C covers the auxiliary ateam port N, and S' un- 
sovers the auxiliary steam port N' (see plan view), while the 
auxiliary exliaust port Z is disconnected from X' and connected 
to X, llitis allowing steam to exhaust from the piston chamber at 
B' end flow into that at I!. The main valve D will be carried to 
(bo right by the supplementa". piston and will connect port E to K, 
leaving E' uncovered for the entrance of live steam, and the main 
piston will be forced towards the head end. It is not necessary to 
provide for positive mechanical driving of the main valve, as live 
ateara can always enter one end Qr the other of both main and 
BUpplemental cylinders. The supple mental piston is fitted with 
rings 80 that it will take up its own wear, and prevent leakage into 
the exhaust, wbilo tlio motion is siK'b that the main valve has a 
slight lead on the main piston, thus admitting lire ateam to 
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cnshion the latter at the end of its strobe and prevent elamming. 
AUo, in case tlie main valve sticks, the valve moves far enough 
to admit Buflficient steam past tbe end of the main valve for the 
cushioning effwt. The supplemental piston cushions on the steam 
caught as it losses by the end of the port X or X'. 



Si 



/r 



i'-ig. 51. 

The Davidson pump, Fig, 5o, baa but one valve, operated by 
an auxiliary piston. The admission of steam to the ends of this 
piston is accomplished by the oscillating motion of the main 
valve itself. This motion ia caused by a pin turned by a cam 
and oscillating lever driven from the pump rod. In the position 
' ehowDj <iteam is being admitted to the crank end lod exhausted 



hyGoogle 



STEAM PUMPS 



from the head end; consequently the piston ia moving iowards tin; 
right. As it nears the end of the stroke, the cam will rotate 
the pin D and place valve A in position to connect the port E* 
with the exhaast ehamher while opening E to live eteam aa seen 



in the end view. Tlie pin T> will then he driven towards the left, 
carrying with it tlio valvoA. Porta E' and 1' will bo closed so 
that the main piston will ho cushioned on the steam ruraaining in 
the cylinder. 
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Tbti iiioveiiient of vulve A tu tins central ])<isItioi> ojteita E' to 
exhaust and E to live Btfaiii, and tliu piston I! It', (riirrying witli it 
valve A, is forced to tlio.left, ujwiiing |K>rt V to exliaiist mid ]■" to 
live Btt-ani, nnd allowing tlio main |iiBton to ntovu towards. the left 
When valvo A is in & [wsition to cover hotli jjorts F and F'. either 
E ia 0[M'[! to stt'ain and E' to exhimst or vieo versa, coiise(|iientlj 
the pump ia always ready to start aa soon as steam is turned on. 

Various other forms of steam end have Ihh'II nsed l>y differ- 
eot makers, but they work on practieally the same principlea as 
those deseriheil, being different only in details. 

The duplex pump, as already explained, has two seta of cyliii- 
dera side by aide. The eteam valve on one side is moved by 



, Figl. 56. 

means of a valve rod and lever coimected to the piston rod on the 
other fiide, eo that one side starts when the other has reached 
about three-quarters stroke. The steam valves are usually of the 
D form, having separate porta for adinissioa and exhaust at each 
end SB seen in Fig. CO. In this figure, valve B is moved by rod 
C and bell-crank lever D, the hidden end of which is driven from 
the farther piston rod by a device like II, while tho farther valve 
is driven by the rocker-arm lever G F E. The double porta are 
used so that the piston may rue over the exhaust port aud close 
it before reaching the end of the stroke, thus getting a steam 
cushion, and yet live steam may have a chance to enter behind the 
piston even if it stops quite at the end of its possible motion. In 
large sizes (particularly in fire pumps) a cushion valve is placed 
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in a passage conueuting tlm steam and exiiatist ports, 80 that tlie 
amonnt of by-pass opening l)et\voen tLum may be adjuflted, there- 
by regulating tlie cushioning to any desired amqnnt. 

In order to secure the rest period at the end of each stroke, 
which is needed for quiet running and Binall slip, it is usual to 
introduce a lost-motion device in the valve-driving mechanism. 
In Fig. 66 this is the nut A, 

rtichhM.twck„»si.,.ihaD eji^ mg(||Mmi!iM -r tMr 

the 6j)aee between the lugs on ^^-^*~*-~' '^ ' """ ' ■ m U— »- t i . . ^ i n 

the valve, thus preventing the 
"valve from being moved until 
the nut has traveled some dia. ^' " 

tance., la larger sizes it is more coifimon to use a single lug on 
the valve; the rod passes through this and the lost motion is pro- 
vided for by adjusting nuts huld fast by jam nuts, so that the valve 
lug will have play between them as seen in Fig. C7. For very 
large pumps and pumping engines, lost-motion links are usually 
placed in the end of the valve rod, as seen in Fig. 58 ; this arrange- 
ment has the advantage that the amount of lost motion can be 
adjusted without removing the steam-chest cover, or even, if 
desired, while the pump is in motion. It is, of course, somewhat 
. more expensive to construct than the jam nuts shown in Fig. 57, 
hence is not often used for small pumps. . . 

The amonnt of lost motion needed for any style of pnmp can 

be determined only by trial, but 

once fixed will be the same for all 

pumps of a given style and si/u. 

^"^S-^- For pumps up to 10-inch stroke, 

^ to § inch is usually allowed; for larger sizes the requirements 

call for A to 1 inch. 

Compound Pumps. The simple steam pump must from the 
nature of its action take steam full stroke, hence has no possi- 
bility of using any of the expansive energy in the steam. In 
order to overcome this difficulty large pumps are often com- 
pounded, and usually with cylinders arranged tandem, as in Fig. 
50, or with the smaller cylinder outside, as the designer may 
"boose. Steam from the boiler enters the bigh.pressare steam- 
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chest in the asnal way; it then passea to the high-preesiire 
cylinder; from there it exhanstB through the side-pipe, seen at the 
back of the steam-chests in Fig. 69, to the low-pressnre steam* 
chest; thenco paesea into the low-pressnre cylinder and from it to 
the exhaust pipe. Unless a boiler pressare of more than 80 
pounds is used, it is not advantageous to compound a pump run 
. non-condensing, as the saving in steam will not pay for the 
increased cosL If a condenser is used, compounding may be 
introduced with profit for pressures as low as 50 pounds; but the 
added complication of condenser and many cylinders is inadvis- 



Fig. 59. 
able for pumps with low-pressure cylinders smaller than about 
18 X 24 inches. 

Compound purapa are used either single as in Fig. CO with 
an auxiliary valve and valve piston, or duplex with the valves 
driven hy the method described for duplex pumps. As the 
pistons are on the same rod, the valves ninst move at the same 
instant, and are usually mechanically connected and driven by the 
same valve piston or lever, as the cage may be. Ttie duplex com- 
[Ktund is more often Dsed than the single, and it is considered 
better practice to use a duplex compound with small cylinders 
than to use a single compound with larger ones, as the difference 
in cost will bo mure than balanced by the steadiness of running 
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The bigh-pressurt! cylinder takes Bteam full Btroke so that 
there is no expansion in it; at the 0]>ening of the high-presBare 
ezhauBt the pressnre drops until it ia equalized in the low-preaanre 
steam-cheet, eide-pipe, high-pressure cylinder, and the clear- 
ance space of tlie low-pressure cylinder, the admiBsion to which 
opens at the same instant &b the exhaust from the high-preBBnre. 
On the return stroke of the pump, the steam expands in passing 
from the high-pressure cylinder to the low-pressure, the action 
being aa indicated in the diagram. Fig. 01, and the nominal ratio 
of expansion between 2 and 3. In the diagram it ia taken aa 2.25, 
vertical distances being laid off to represent pressures and hori- 
zontal to represent volumes. Tlie pressure in the passages be- 
teeu cylinders is a' variable, but ia taken as the value at the 
beginning of the low-pressure stroke. The back pressure in the 
low-pressure cylinder will be about 2 pounds above that at the 
outlet of the exhaust pipe, or 17 pounds for a non 'Condensing 
pump i.nd 4 pounds for one run condensing. 

The action illustrated in Fig. CI is as follows : Asanme that 
we are dealing with a pnmp whose high-pressure cylinder A is 16 
inches in diameter by 18 inches stroke, and with clearance C 8 
per cent of the piston displacement ; and whose low-pressure 
cylinder B is 24 inches in diameter, the stroke being of course 
the same as for the high -pressure, and the clearance C 8 per cent 
of the low-pressure piston displacement. The intermediate space 
between cylinders, side-pipe and low-pressure steam-chest will be, 
in practice, about 0.35 the piston displacement of the high-pressure 
cylinder. Assume that the initial pressure ia 85 pounda gauge or 
100 pounds absolute and the back pressure in the low-pressure 
cylinder 4 pounds absolute. The line a b will represent the action 
during admission to the head end of the high-pressure cylinder, 
eteam being taken at full pressure for the entire stroke. If we 
assume the volume of the piston dtRpIacement as 1, there will be 
1.08 volumes of steam in the high-pressure cylinder and clearance. 
At the end of the stroke, the exhaust through the side-pipe into 
the low-pressure cylinder will be opened arid the pressure will fall, 
the amount of the instantaneous drop depending on the pressure 
in the low-pressure ateam-chest at the time the high-pressure ex- 
haust opens. yf& aball see that this will, be about 40 pounds, a 
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valne which can be s&fely aesuiiied as a working basis. When the 
hi^h-pressure exhaust opens, tlie admiBsion to the low-presBun^ 
cytinder also opens, and the pressure will drop according to Boyle's 
law, so that it is equalized in the three eompartmenta. 

The volnme of the low-pressure cylinder will be l.C X 1 
= 2.25, and of its clearance .08 X 2.25 = 0.18 volumes. Then 
the pressure afttT drop and equalization is found thus: 
1.08X100=108.00 ,„„-„ 
.35 X 40 = 14.00 tZ±l±^ 76.2 

_j^ X 4 = .n ^-^^ 

l.Gl 122.72 



m 




The pressure after equalizatioo, 76.2 pounds, is found by 
maltiplying each Tolnme by the pressare existing within it and 
dividing the aum of the products by the Bum of the Tolames. 

' As the pistons return, the volume in the high-pressure cjlin> 
der decreases, that la the intermediate passages remains constant, 
and that in the low-pressure cylinder increases. The result will 
be an expansion according to the hyperbolic law so that the tine 
showing the back pressure on the high-pressure piston, and that 
showing forward pressure on the low-pressure piston, will indicate 
the same pressure at each instant of the stroke, though the lov- 
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pressure volume will be 2.25 times the high pressure. At ^ 
stroke the total volume will be 

-.08 + .75 + .;!5 + .IS + (i X 2.25) ■= IM volumea, 
and the pressure 122.72 -i~ l.!t2 . = Ii4 pounds. 

Similarly at A stroke the pressure will be 55 pounds, 
at I " " " " " 48.3 pounds, 

at full " " " " " 42.9 pouuda, 

and so on for other points so that the whole expansion curve may 
be determined. In practice there will be a difFerence of about ono 
ponnd between the back pressure in the small cylinder and the 
forward pressure in the large one, due to the friction of the steain 
in ports and side-pipe. On the next stroke, the head end of the 
high-pressure cylinder will take in a fresh charge of steam while 
the crank end of the low-pressure will exhaust its steam into the 
condenser. The crank end of the small cylinder and the head end 
of the large one act together in the same manner as described above, 
so that the pump is double-acting. 

We are indebted to a paper on "Power of Compound Pamping 
Engines," by John W. Hill, published in JUngineerhtg Jfcwn, for 
the proportions given in Table VIII: 

TABLE VIII. 

Ratio diameter 1. p. cylinder 

to h.p. " l.'JO I.OU 2-00 

nigh-pressure cylinder volume taken aa 1.00 1.00 I.OO 

Iligh-prossure clearance volume .063 .063 .06 

Intermediate space volume ,130 ,338 1.12 

Low-prosHU re cylinder volume .'. . 2,25 —2.56 4.00 

" " clearance " .112 .128 .20* 

No. expansions intermediate chamber. , 1-319 1.4.39 2.250 

No, expansions I. p. cylinder 1.825 2.020 2359 

No. Bspansion8, total 2.400— — —2.807— — -5X)ei 

Ratio Mean Effective pressure to (initial 

pressure minus back pressure) 0.728 0.682 0.466 

Setting the valves on a pump is for the most part a aimplb 
operation, and requires only that the valves shall be adjusted, 
usually by trial, until the pump makes the longest stroke poasibla 
without striking the heads, and reverses evenly at the ends of the 
stroke. 

The fly-whetil pump is adjusted by moving the ecceDtriow 
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the shaft and the valve oq ite stem antil steady ronoing is secared, 
the same as for any elide-Talve engine. The Knowles pump has 
the stroke lengthened by lowering the roll E, Fig. 50, and short- 
ened by raising it; equalization of reversal is effected by lengthen- 
ing or shortening the link L as may be required. 

Adjustment of the Deane pump is made entirely by moving 
the tappets on the valve rod ; the block A should be clamped to 
the piston rod in such position that when the piston is at mid- 
etroke the link B will be vertical. With the valve in mid-position 
the tappets should be placed so that they are equidistant from 
each end of the sliding collar, and then adjusted by trial until 
the working is satisfactory. If the piston strikes at either end, 
move the tappet at that end towards the collar; if reversal comes 
too soon at one end, move the tappet away from the sleeve at that 
end. 

For the Pean Bros.' pump the same directions apply as to the 
Deane, but the stroke may be changed by moving the bolt B, 
Fig. 53, in its slot without changing the tappets. 

The adjustment of the Blake valve is also the same as that 
for the Dean Bros,', but the tappets on the valve rod should bo eo ' 
set that the valve will have a little lead and open before the main 
piston reaches the end of its stroke. It has this lead by virtue of 
the action previously explained unless it is set to be very late In 
action. 

In the Davidson pump, Fig, 55, the valve is adjusted for 
length of stroke by moving the bolt in the slotted end of the oscil- 
lating arm; shortening the leverage shortens the stroke and vice 
versa. To equalize the reversal, the sleeve which is clamped to 
the piston rod may be shifted towards the end at which it is 
desired to quicken the reversal, or a slight ai^justment may be 
made at the point whore the oscillating lever is made fast to the 
rock-shaft which drives the cam C. 

For a single compound pnnip tlte valves are adjusted in the 
eame way as for a simple pump of the same make. There is an 
a<lju3tnient in the connection between high- and low- pressure 
valves, and this must he set, w!th the steam-chest covers off. so 
that the main valves ojien at the same time. 

All the valves of the duplex pump are set square so that, with 
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TULTOM CORUHH CvLinDKR. 
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both pistODs at the middle of the stroke, the valves will be in mid ■ 
position, the rocker-arm levers will be vertical and the loet motion 
will have equal play at each end. Theamountof lost niotiotineeded, 
where it is adjustable, can be determined only by trial, but gen. 
erally should be as great as possible without having the pistons 
strike the heads. This will give a long stroke. 

For the large pumping engines used in city water-works, the 
steam ends are designed the same aa for any steam engine; and fly- 
wheels, main shafts and eccentrics are provided for steadying the 
motion, allowing of expansive working and operating the valves. 
For such engines the Corliss valves and valve motion have been 
most commonly used in the United States. 

The arrangement 
of the motion and the ^^^ 

shown in Fig. 62 Tlie i^^^^^ 

wrist plate is moved by /—•(^^^^^ 

the eccentric through a JQK. 

reach-rod,rock-8haftand ^^ ~ ^ ^~V1~ ' ^ *^ * 

eccentric rod, and from "Sc^ 

it links run to cranks ^^^^IL^ 

which turn the rotating ai^^^V 

valves in their seats. ""^ ^, J 

The exhaust valves are 

positively driven, but ^' ' 

the admission valves are so .arranged as to be disconnected from 

the control of the link at some point in the stroke (depending 

on the position of the governor) by a trip motion, one form of 

which is shown in Fig. 63. 

Another device used to allow of expansive working of steam 
in large pumps is the hydraulic compensator, Fig. 64. The 
steam must work against the pressure of the pistons up to half 
stroke, and is assisted by it beyond that point, so that cat-off may 
take place at half stroke, or later, and the energy of expansion be 
used beyond that point. With this device, there is no shaft or 
eccentric, and valves similar to those described for duplex pumps 
are used. 
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BRECTION AND MPINQ. 

The location of a pump should be chosen with two principal 
objects in view: To have the pamp itself coDvenient for mnning, 
and accessible for repairs or adjastment; and to keep the piping 
as short and direct as possible. For a pump to which the liquid 
is raised by suction there is the limitation that It must not be placed 
more than 25 feet, and should not be more than 20 feet, above the 
source of supply, but aside from this, a matter of first import- 
ance ie to have the machine where it will naturally be kept in good 
condition. Too often a pump is placed in a dark corner where it 
is never seen, seldom visited, and always neglected ; it soon becomes 
dirty and leaky, decreasing its efficiency and shortening its life. 
The second point with resptet to piping is often controlled by the 
layout of other apparatus quite as mudi as by the position of the 
pump itself; yet by careful study of the conditions it is often pos- 
sible to find one place better than others for the pump. It is of 
more importance to avoid bends and elbows in water piping 
than in that for steam, because steam makes sharp turns with 
less friction loss than does water. If hot water is to be bandied, 
the water should flow to the pump by gravity or under pressure. 
Otherwise the water will tarn into vapor under the auction force 
and the pump wilt draw iu either vapor alone or a mixture of 
vapor and water. 

It is well to place a boiler feed pnmp in such a posItioD that 
the gauge glass can be soen when standing at the pump, but this 
is not absolutely essential, and should be sacrificed if any gain in 
arrangement of piping or convenience of attendance can be secured 
thereby. If a condenser air-pump is bo placed that the water 
from the condenser flows to it by gravity, it is possible to maintain 
a better vacuum in the condenser. 

Wherever the pump may be located, a Qubstantial foundation 
should be provided if the pump is of large size, especially if it ia 
to be run at high apeed. It is often sufficient to fasten a small 
pump to the fioor or to heavy brackets secured to a wall, hut a 
pump larger than a 4 X C should have a separate foundation. Id 
designing the foundation, remember that the object is not so much 
to hold the pump up as to hold it down, to keep it from vibrating. 
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It Is, therefore, better to have a foundation deep and narrow than 
broad and ehallov, nnlesa the pump is large and the soil very 
sandy. 

The pamp should he well holted to the fonndations in order 
to prevent vibration, as such movement not only is commanicated 
to the pipe and thence to the building, but tends to loosen the 
joints in the piping and the pump itself. Absolnte rigidity on the 
foundations should be secured at any cost. 

The material may be stone, brick, or concrete, preferably the 
last. Stone is expensive and difficult to work; brick is liable, 
unless carefully laid with cement mortar, to be loose and lack 
compactness; while concrete ia easily put down, is inexpensive and 
has all the solidity of stone. It ^boold be made of good cement 
mortar, two parts sand to one Portland cement, mixed vrith 
broken etone not over 2 inches in longest diameter, in equal 
parts of atone and mortar. The concrete should be well com- 
pacted into a mould the shape of the foundation, the bolts being 
built in with plate-iron washers on the heads; the concrete should 
be deposited in layers about 6 inches deep and well rammed, a 
second layer being added before the upper surface has hardened. 
This process ia repeated until the foundation ie completed. It will 
generally be sufficient to finish the top with a surface of cement 
mortar carefully leveled and allowed to harden before setting the 
pump, but sometimes a cast-iron base-plate ia used, and this gives 
f^ somewhat neater appearance. 

As previously stated, the piping should be as 3hort and 
direct as possible. In large work, the water pipe ehould have 
long-bend elbows and tees, and gate valves should be used to 
reduce the friction. Each pipe should be pitched throughout its 
length to one point so that it may be drained to avoid freezing; a 
drain-cock should be placed at the lowest point to remove the 
water. For water piping, it is well to use galvanized or brass 
pipe to avoid pitting or corrosion. Covering the pipes which 
carry cold water will prevent sweating and the consequent unpleas- 
ant dripping. 

If the plant ia one where a shat-down would be serious, a 
duplicate system should be installed, pump, piping and all; for 
any plant it ia well to provide an injector as relay, in case the 
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Ixnler feed-pninp vill not work. In some casea dnplicate piping 
U installed, bat this Beema hardlj necessary, as piping ia not 
likely to get out of order if well taken care of. 

Wherever a long column of water is to be moved in either 
auction or delivery pipes, it la well to place a cbeck valve near the 
lower end of the colnmn to resist any tendency of the water to 
back op when the pomp reveraea or shuts down. Id the auction 
ajsteni thia valve would be placed on the inlet end of the auction 
pipe and is known as a foot valve. Fig. 65. For the delivery 





Pig. 60. 

pipe, it is well to use a check valve near the ontlet from the pump 
and another near the end of the pipe, especially if pumping against 
high pressure. The check valves may be of either flap -or disc 
type, but if of the latter they ahould have ample area bo that the 
doable turn made by the current of water will not caose great loss 
of head. The flap valve ia shown in Fig. 66 and the diso form in 
Fig. 67. 

For all pumps which are to handle water from poada, rivers 

or other sources where sticks, leaves, or any 

form of rubbish is likely to collect, a strainer 

as shown in Fig. 65 should be placed on the 

end of the inlet pijie. Tbecombined area of 

the openings into the strainer should be 3 to 

4 times the area of the pipe. As rubbish 

<]ulckly collects on a horizontal strainer, the 

surface should be either slanting or vertical, 

^S- 66. ^ji^ should be BO designed that the screen 

may be easily cleansed. The straining surface should be flne 

or coaiEe in mesh according to tho material to be screened, and 

mads of woven wire or perforated metal as may be most coo* 
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venient. Often the foot valve and strainer are combined into a 
single piece. If the lower end of the suction pipe is not accessible 
for cleaning, and if the debris is of such nature that it is likely 
to clog the openings, it will be better to use a design given by 
I>arr (see Fig. 68) placed near the 
pnmp. 

The sizes ot pipe needed for 
the auction and delivery are deter- 
mined by the pump maker and the 
pipea should never be made smaller 
than these; if the runs are long, tho 
pipes may well be made larger. 

The velocity allowable is, of 
course, the point which determinea 
these diameters. For the suctioo, 
this id asually taken at 200 feet per 

minute or less ; for the delivery pipe it may be 400 feet per 
minute or less. 

The suction pipe should be of the same size throughout in 

order, to avoid eddies and changes of velocity. Where the pipe is 

larger than the pump connection, the reduction should be made by 

A conical pipe with an easy taper, placed next the pump. The 

. greatest care should be 

taken to see that all joints 

in the suction system are 

absolutely tight, as even a 

email leak greatly reduces 

thecapacityandeflSclency. 

The diametera of pipe 

Buitable for direct-acttng 

pump are given in Table 

IX, the snctioQ velocity 

being allowed at 150, and delivering velocity at 300 feet per minnte. 

The loss in head depends on the length of the piping and the 

rate of flow of the water. Table X gives the loss in pounds pres- 

sure per 100 ft-et of pipe for various rates of discharge and sizes 

of pipe as stated by G. A. Ellis. 

The loss of bead from elbows and valves depende also on the 
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TABLE IX. 

3 OP SUCTION AND DGUVERV PIPES, 



Diameter 


Diaroctor Suction Pipe. 


Diameter DelivetrPipe. 










Water Cylinder. 


Sinjtlo 


Duplex 


Single 


Duplex 




Pump. 


Pump. 


Pump. 


Pump. 


4 inchcB 


2,'i inched 


3,'j inches 


1?^ inches 


2fi inches 




3 


i 








.Ti " 


5 


2-^ " 


3ji - 








3 " 


4 




D 


7 


3^ " 


4Ji - 


9 " 


6 


8 






10 « 




B » 


4;i " 




12 " 


7 


10 « 


5 


7 


11 •• 


9 


12 


6 


8 • 




10 


11 " 


7 


e 


18 " 


12 


16 " 


9 


12 • 


20 " 


12 


17 


ft 


12 " 



Suction velocity, luO feet per minutp. 
Delivery velocity, 300 foot per minute. 
Piston speed, lOQ feet per minute. 

rftte of flow, and ia most convuiiiuntlj referred to the length of 
pipe which would result iu the Baiiiu loss. 

The resistauce to flow of water in pipes due to bends, elbowa, 
teeB, etc., is stated by Foster in hia " Electrical Engineer's Pocket 
Book," to be expresaed by the equation : 

p = fJ^ 

in which P is the losa iu pressure in pounds per square loch, 
v the velocity of flow in feet per second, and F the coefficient 
of friction, which varies with the angle of the bend according to 
the following table: 

Angle. 20= 45" 6(y OO" 120" 135- 
F .020 .079 .158 .426 .806 .940 

A globe valve will produce the same loss of head aa two 90- 
degree bends, and a gate valve a loss equal to that from a 45-degree 
bend. 

If water is known to contain lime or magnesia, it is certain 
that pipes will fill up more or lei^s from the deposit of Scale, and 
allowance ahonld be made for this in the first ^Jace by nsing extra 
large pipe. 
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In choosing the eize of steam pipe the same general principle 
applies; tlie exhaust pi^ie, like the suction, should be short, direct, 
and of ample cross-section. A velocity of 6,000 feet per minute 
ie. allowable in the steam pipe and 4,000 in the exhaust. 

Care should be taken to have all piping which carries steam 
pitched away from the pump to avoid the collection of the water 
of condensation in the steam cylinder, and drips should be pro- 
vided wherever there ia any chance for water to collect. 

The use of air chambers has already been discussed. They 
are asttally a good investment if high speed or long pipe runs are 
to be used. The gain in durability and saving of repairs to the 
pump and piping system will more than pay the interest on 
the small cost of ample air chambers. 
TABLE X. 

FRICTION OP WATER IN PIPES. 

Friction losii, in pounds pressure per square inch, for each 100 feet of 
length of different sizes of clean iron pipe discharging given quantities of 
water per minute. G. A Ellis, C. E. 



Gallons per 
Miiiuto 
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Care ebonld be taken, however, that no pockets are formed iu 
the piping whore air may collect, as tho air cuBhioD thus fonned 
will stirve no ugeful piirpuBt^, hut will redaco huth the capacity and 
the efficiency of the pamp. The Baction pipe ehonld h»ve a eoD> 
tinaous riBo from the Bource of anpply up to the pump; and if an 
inverted U loop must ho formed in tho delivery piping it Bhoold 
have a pet coi-k inserted at the liigheat point so that whatever air 
collects may escape. 

CARa 

After the valrea of a pnmp are properly adjusted, the tliree 
thiDgB which ordinarily require care are: Tlie luhrication, the 
packing, and the draining of cylinders. If these matters are care- 
toHy attended to, tlio pump will cause very little troDhle. 

For the smaller sizes the steam end is generally lubricated by 
means of a grease cup, which is filled with some form of tallow 
compound. As the heat of the steam melts this compound grad* 
oally, it flows into the steam-chest and is carried by the steam to 
the cylinder. For larger sizes, a regular cylinder oiler is used, or 
sometimes an oil pnmp drrven by a lever from the main pistOD 
rod. In large plants, the pumps as well aa the engines are fed 
from a central tank into which the oil is forced under pressure by 
a single large oil pump, and whence it descends by gravity to the 
various cylinders and passes through aight-feed oilers. 

The Btuffing box on the steam end usually gets sufficient 
lubrication from the cylinder, and the one oo the water end gets 
. water enough except when tho packing is set up hard; then a little 
machine oil with graphite in suspension will help. 

In the case of the steam-cylinder as for any other engine, 
the less oil used, so long as the piston works quietly, the better. 

Flake graphite put into cylinder oil usually settles to the 
bottom of the cup, but if blown into the steam pipe so as to be 
carried along by the steam, it will work into the crevices in valves 
and piston rings and aid materially in reducing the oil required. 
Also if sifted over the packing when filling the stuffing boxes it 
will reduce the friction considerably. 

For the bearings of valve motions, machine oil is, of course, 
used. These parts need tho same care as any other machine 
bearings. 
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The packing in the water piston weara but slowly; nevtirthe- 
le&a it Bbould be regularly inspected to make sore that there are 
no leaks, as they would seriously impair the economy of the pump. 
Once in two months is not too often to examine the water pistons, 
and oftener should be the rale if there is any reason to suspect 
trouble. In repacking, or in tightening up either piston or stuf- 
fing boxes, there should be as little pressure as possible, above the 
limit to prevent leakage. 

The piston ring packing of the steam end will wear for years 
if properly adjusted and lubricated. An inspection once a year 
iB sufficient unless snspicious action in the cylinder seems to call 
for an investigation. 

The stuffing boxes should be kept tight, but not screwed np 
BO as to bind. It pays to be rather generous both in the amount 
of packing used in a stuffing box and in frequency of renewals ; 
the former because a long bearing between rod and packing will 
keep tight with less pressure than a short one ; the latter because 
old, hardened packing requires a heavy pressure to force it to a 
tight joint, and results in a large amount of energy wasted in 
overcoming friction. For stuffing boxes, any good square packing 
will answer, but the one on the water end is better filled with 
some form having a rubber compound for itB main body, while that 
on the steam end works better with a flax packing, as the steam 
soon kills the rubber. Stuffing boxes should be refilled as often 
as twice a year, if the pump is in constant service. 

The valves in the steam end have a sliding bearing, and will 
ordinarily wear to a true and tight joint. At the time of the 
yearly inspection, the head should be removed, steam tarned on, 
and the valve worked back and forth by hand to mako sure that 
no steam passes into the cylinder except when the admission valve 
is properly open. If the valves leak, they must be scraped to a 
bearing. Usually the valve face is scraped accurately by using a 
surface plate, and the seat is then scraped to fit the valve. 

The valves in the water end may be reseated by grinding the 
seats and faces with tools made for the purpose, if both the valves 
and seats are of metal. If the valves have a bearing surface of 
composition, as is now the usual practice, the composition disc will 
wear rather than the seat, and the disc may be renewed easily and at 
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Blight expense. Borne malcers nee discs of soft alloy which are 
more dnrshlu than cumpoijition and also have its advantages. 

To discusuiiig tlie subject of capacity, the matter of speed vaa 
taken op. Mannfactarers conventionally rate their pumps at 100 
feet per minute, but this is not a good basis, and sixty double 
strokes seem to be more logical for compntatioo. The object is 
to reduce slip and prerent pounding; hence, if special devices are 
used for opening and closing the water valres and to prevent 
slamming at the end of the Btroke, there ia no reason why a speed 
may not be nsed approaching that of power engines. The slip 
oocnn almost entirely at the ends of the stroke and daring the 
Beating of the valves, bo that It ll always well to nse a long stroke 
evan though the diameter be somewhat small. 

If mechanically operated valves together with high speed aie 
ased, ample air chambers should be placed on suction and deliveiy 
systems, aa otherwise there la likely to be water-hammer due to 
the sudden stoppage of the colnmn of flnid in the pipes when the 
valves close. 

There is no difficulty with the steam end in nsing hi^ speeds 
provided the steam is kfjit frt-e from water. This necessitates, in 
the case of large pumps, a separator in the steam pipe just above 
the pump, to remove all water and ensure the passage of none hot 
dry steam. 

It is impossible to forewarn against all difficulties which may 
arise in running a steam pump, because it is always " something 
different" which happens, but trouble can often be traced to cer. 
tain common faults. Defective valves in the water end and 
stoppage in the suction pipe are the probable causes for irregnlar 
working of a single pump. If the pump elams on one stroke 
and is steady on the other, it may be that the discbarge valves are 
stuck open on one end either by friction or the lodgement of some 
Bubstance on the seat. Often a jar with a hammer will remedy 
this defect, but it is advisable to take off the valve-chamber cover 
to find the reason for the sticking. If the slamming is on both 
strokes, it is generally due to stoppage in the suction pipe, or, in 
the case of a pump newly erected, it may be that the suction is 
too small. If the latter is the case, slowing down will stop it; 
but if there is stoppage, the pump will slam bt all speeds. If the 
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suction la email, the addition of a aaction sir chamber will some- 
times be beneficial. Slamming may also be due to a leak in the 
snction system ia either valves or joints, or to a leak in the piston 
packing. Occasionally the springs on the inlet valves are too 
strong, though this is seldom the case. When starting np, air in 
the pump may causa it to slam, the remedy being, of coarse, to 
prime the pnmp and snction pipe by ponring in water, and to 
make sure, by opening the air cock on top of the water end, that 
all air is forced out of the valve chamber. 

If a pump sticks at the end of the stroke, it is due to friction 
or improper valve setting. In the former case, relieving the 
pressure on the nuta which set np the glands to the staffing boxes, 
until there is jnst enough pressure to prevent leakage, will over< 
come the difficulty. Id the latter caso ^e valve motion should be 
so adjusted aa to act earlier in the stroke, bat it is best to keep 
the stroke of th« pump as loug as possible in order to reduce the 
loss fi-om clearance in the steam cylinder. 

In starting up, particularly in cold weather, there will be 
considerable condensation in the cylinders, and water will form 
rapidly. This must be given a chance to work its way oat through 
the drips which ahoald be left open until the pump runa free and 
without sign of water in the steam; the warming up should be 
done at slow speed. 

If a cylinder oiler is used it should be opened up a sufBcient 
time before the pump is to be started, so that it may be ready to 
act immediately when the pump starts, as the lubrication is needed 
when the cylinder is cold, even more than at any other time. It 
is well to have a hand-forcing oil pump connected to the steam 
pipe of large pumps unless the feed of oil is by a positively-driven 
pump, so that in starting up, or in case of emergency, a supply of 
oil may be ensured. 

Before starting, the suction and outlet valves should bo 
inspected to make sare that both are open. If a start is made 
with these closed, it is likely to bring a pressure on the systema 
which will open the joints. 

If the pump is a large one and is run condensiog — that ia, 
exhausting into a condenser — the condenser should be put in oper- 
ation first by starting the fiow of cooling water and the ur pump. 
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WLeo these are both working well and a good vscnam has been 
establiBhed, the main pamp inaj be started. 

In cloeiiig down, the Inbricatora may be closed a little befc»« 
the time to stop. The dri])s on the ateam cylinder ahonld be 
opened after stopping in order to carry off the condensation from 
any steam which may remain. The drips on the water cylinder 
need not be opened unless there is danger of freezing, in which 
case the whole water system should be drained. For this purpose 
the piping should all pitch toward the pamp bo that the watM* 
may all be drawn off at that point. 

In the duplex type of pnmp, tioless the packing be adjoflted 
with even pressure on both sides, the side on which the tighter 
adjustment is made is liable to " short stroke;** in fact this is 
usually the trouble with a pump which goes **lame" OQ one side. 
If the short stroking is on one end only, it is probably due to poor 
setting of the Talve-motion tappets. Short stroking may also be 
due to tight packing on the water piston, in which case it caa be 
remedied by taking oat the packing and cutting off a little. This 
is likely to occur only with pistons packed with square packing, as 
those having the cup leather packing or piston rings adjust their 
own pressure between piston and cylinder. 

In setting up a new pump, it is important to blow out all 
pipei> before making the connections, in order to make sure that 
no chips or dirt get into the pnmp. Unions should be provided 
on each pi])e near tbu pump, bo that, in case of suspected stoppage 
of the pipe it cao be readily inspected. 

TESTING. 

The power used by a pump is nsaally so small an item in the 
ranning expeusti of a plant, that a test is considered unnecessary; 
and also the steam exhausted is often used for heating feed water 
or for some industrial process. If this is possible it is Dsuallyan 
economical way of running; but in plants where many pumps are 
needed, and where heating feed water is the only use for the 
exhaust steam, more steam will be available than can be used to 
good advantage; this is esj)ecially true if tho main engines run non- 
condensing. An economical pump is ther. of great importance. 

Duty. In order to determine the good or bad performance 
of a pump, it is uecessary to test it for efficiency and slip, the 
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teat being kuo^rn as & *' 5uty trial." The duty of a pump, as tlie 
ttriu desueiidt'd to us froin tlia daya of Watt's early pumping 
engines, was tlie iimnber of foot pounds of work produced 
Ijy KM) pounds of coal. This is a convenient basis for comparison 
of en^iiiea, but is not accurate, as coal varies bo much in beat 
value; also tliia method of reckoning involves the efficiency of the 
boiler as well as that of the pump. As an attempt to eliminate 
the latter source of error in making com|>arisons, a conventioDal 
assumption has been made of 10 jKtunds of steam evajiorated per 
pound of coal; but this is really only the substitution of one 
error for another, for a pound of steam when measured in heat 
units is by no means a constant, and a pound ot coal seldom does 
evaporate 10 pounds of steam in actual boiler performance. 
Tlie more logical method of comparison la by the duty per 
1,000,000 heat units furnished to the pump, a basis proposed by 
a committee of the American Society of Mechanical Engineers 
appointed to formulate a code for conducting such tests. 

The duty of the puuip is found by measuring the quantity 
of water delivered and the height through which it is liftt^d, or its 
pressure equivalent. Tlie coal or steam usi-d must also be meas- 
ured. Then 

^ ^ Q U X 100 

Duty = y 

in tv'nicli Q =zr jwunds of water delivered, 

11^ head against which tlio pnmj) works, both snctiou 

and forcing, and 

C = pounds of coal burned. 

Or on the new basis.- 

Q II X 1,000,000 
Duty =. ^-^ 

where Q and H are as before, and B T U is tho beat units in the 
coal or steam, whichever is measured. 

An inaccurate method of computing duty is sometimes used, 
which is based on the area of tho water piston or plunger and its 
travel; but this takes no account of the slip, which may in small 
pumps be as much as 20 jier cent; lienco it is to be condemned. 

The slip is found by comparing the water actually delivered 
with the total piston or plunger displacement, for the time of the 



byCoogle 



tJTEAH FUHF8 



test. The dtlTerence, measured sa a per cent of the pistoa dis* 
placement, is the Blip. 

The water dulirered is tneaanred either by weighing, by the 
Qse of calibrated tanks, by a weir, or by eome form of meter. One 
of the first two methods is best for small pumpa, and the meter ia 
practically the only means available for large ones where the 
delivery is into a closed pipe system. For the weight or tank 
method, the arrangement of Fig. 09 is Qsed, one tank being filled 
while the other is being emptied, throngh a quick opening gate 
valve. If the water is weighed, a certain amoant aa nearly as may 
be is ma into the tank and the exact weight ia caught after the 
valve is cloeed and the water is flowing into the other tank. For 
calibrated tanks, the filling is done nearly to a set mark, at which 
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the capacity of the tank U known, and the exact level ia found by 
dipping from the second tank. The weir can be used only where 
the delivery is into an open vi'ssel, aa the cnrrent of water must be 
made to flow over an open notch as in Fig. 70. The amount of 
water which passes this notch evidently depends on its length, and 
on the head of water above the sill. There is a certain contraction 
as tlio water enters the notch; but if the edges are beveled to a 
sharp edge up streara aa shown, this will be slight. The depth of 
the notch should be not over ^ the length, and is better made con- 
siderably less, say from -^ to J. The over-fall below the notch 
should be at least twice the depth of the notch. The bead of 
water over the sill should be measnred at a point eome distance 
back of the notch in order to get a qniet, even surface. 



byCoogle 



STEAM FUMPS 93 



Any method of meaenring the head will answer which girefl 
it accnrattily; but a hook gauge, snch as shown in Fig. 71, will give 
the best reonlts. The reading of the gaage shoald be taken when 
Bet 60 that the point jnat breaks the surface aa it is brought np 
from below, when no water is flowing over the notch. This gires 
the height of the sill from which to calcnlate. When the water is 
flowing from the pump, a reading from the gange is again takaa 
an the point just breaks the surface. The difference between the 
two readings is the head above the sill. 

The flow, if there were no end contraction, would be Q =- J o A 
where Q is the cubic feet per second, h the length, h the head of 



Fig;7a 

w ater ab ove the sill, and v the velocity in feet per second. But v «" 

\^ 3 :i the same aa for falling bodies, -^ being used because it la 

the head of center of flow. It has been found by experiment that 
there is a contraction at the ends and bottom of an openbg, doe 
to the in-rush of the water from all sides, and that the flow will be 
about ,62 the theoretical amount; hence 

— 62M JyA 

—.62 M* ji 
bat ^ is the acceleration due to the force of gravity and ia equal 
to S2.16; hence .62 X y*— 3.62 and Q— 3.62 uf' 
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It is fotukd, hoverer, thmt for sccnntcj the fonunk miut be 
modified to take acconnt of tlie dtspth of the watar, and kIso that the 
eoefficient is too large. Smith gives, ia his Hydranlica, the eqnstioii 

which is socarate for wain for depth A, {rem 6 indies to 2 feet* 
and with length I, not less than Sh. For large qnantitiesof water 
which must be deUvered Doder pressore, 
the Venturi meter is the most accurate 

means 6f measurement. This Is a pat< \ 

ented device mannfactured by the Bnild- 
era Iron Foondiy of Providence, B. I., 
and n'gisters the flow hj means of a 
recording mechanism driven by clock- 
work. The next beet device is some 
form of rotary water meter, carefally 
calibrated. These will work well with 
cold water, hat are not to be relii-d upon 
with hot water as the varying tampera- 
tnres affect the readings ajipreciably. 

For methods of testing Urge pump- 
ing engines, the stodcnt la refeired to the 
report of the committee of the American 
Society of Mechanical Engineers, Vol. XI 
of the Transactions, which can be obt^ned 
from the Society in pamphlet form at 
nominal cost. \''' '^ 

The following discasBion will be confined to small pamps : 
For a power -driven pamp it ia necessary to measure the 
power sap^ied. If belt-drivea, this can best be done by means 
of a transmission dynamometer, which measm^s the pull on the 
belt. Then tiiia pull in pounds times the speed of the belt in feet 
per minnte equals the foot pounds per mioDte; and that quantity 
divided by 33,000 gives the horse power. The work performed 
per mintite will be the weight of water pumped per minnte times 
the distance through which the water is raised as indicated by 
gauges on the Buction and delivery pipes near the pump. These 
heads can be derived from the ordinary pressnre gauge readings 




y.Google 



STEAM PUMPS 96 



hj the table on p^e 9. The work per minnte divided by 83,000 
gives the delivered horse power. For a motor-driven pomp the 
power applied can readily be obtained by electrical meaBurementB. 
Measare the voltage and amperes of carrent with the pump carry- 
ing its load and then Voltage X — =777 — = Horse power. From 

an efficiency curve of the motor as supplied by the makers, or 
obtained by a dynamometer test of the motor, get the efficiency at 
the horse power thus found. Multiply the borse power by the 
efficiency and the product will be the power supplied to the pump. 



Fig. 72. 
The power delivered by it in the form of water pumped is found 
by the same method aa for the belted type. 

For a steam-driven pump it is Deeessary to attach an indi- 
cator to the steam end in order to measure the power supplied by 
the Btcam. The indicator is connected as shown in Fig. 72, to 
register the pressure in the cylinder at eai'h point of the stroke. 
The average of these pressures is then fuund, measuring between 
the lines indicating the steam and exhaust pressiire as shown in 
Fig. 73. The sum of lines 1, 2, 3, 4, etc., divided by the number 
of lines gives the average length, and this multiplied by the 
soale of the spring, or pounds pressure represented by au inch of 
height, will give the average effective pressure. The scale of the 
lodiiator spring is always found stamped on the cup &i one end 
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of it, ^ifl average preasore multiplied by the area of tlie piston 
in Bqoare inches, bj the length of the stroke in feet and by the 
nnmberofdonbloBtrokes made per minnte,gi7e8 the work done per 
minnte in one end of the cylinder. In Uie same way pressare 
times attoa, times length, times number of strokes, ^res the work 
for the other end, and the sam of these amoants divided by 33,000 
gives the horse power developed. It shonld be noted that there 
is a difference between the areas of the two ends of the piston 
owing to the insertion of the piston rod in one end. 

Sometimes the work done in the water cylinder is measured 
by using the indicator in the same way as described for the steam 
end. 'Die work done by the water piston can, of conrse, be fonnd 
by this method; but there Is nothing to show whether the work ia 
Qsed in pamping water or in slip and leakage, except tbat a slow 



' i 



Fig. 73. Rg. 74. 

Beating of the valves may show in a r^nced average pressure from 
the diagram, as in Fig. 74. 

To test the leakage past the piston, one cylinder head may be 
removed and the pump run single acting, the water which passes 
the piston into the open end of the cylinder being caught and 
weighed. This does not, however, measure the leakage due to 
faulty valvea or scats, and the only way this can be found is by 
measuring the water actually pumped. 

The slip is then found as follows: Multiply the area of the 
water piston by its length of stroke and by the nomber of single 
strokes if single acting, or double strokes if double acting — all 
dimenBions btiiig taken in feet — to gft the number of cubic feet 
of water which would be pumped per minute as obtained by meas- 
urement; subtract the water actually pumped and divide the 
nmainder by the computed volume which should be delirered. 
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The quotient expressed as a percentage is tlie slip. 81ip is dae to 
the leakage past the piston planger and through the Talres, and 
the amount varies with the condition of packing and seats and 
with the promptness of ratve closare. It can he kept at a mini- 
moin hy careful attention to packings, and bj running slowly and 
steadily to allow the valves time to seat. 

The efficiency of the pump may be expressed according to 
various standards. If efficiency as a machine, or mechanical 
efficiency, is desired, it is found by dividing the horse power 
utilized in pumping water, by that furnished to the pump by belt, 
motor or steam cylinder. If efficiency of the water end is wanted, 
it is found by subtracting the percentage of slip from 100. The 
total efficiency is the mechanical efficiency multiplied by the pomp 
efficiency. 

To find the " duty " the work done in a given time is found 
by one of the processes already indicated ; the heat furnished dur- 
ing that time is computed from the coal burned and the efficiency 
of the boiler, or better, by condensing the steam used in a surface 
condenser, weighing it and calculating the heat needed to evap. 
orate that amount of steam, starting with water at the temperature 
of the exhaust steam. Keduced.to the form of equations this 
becomes : 

J. Foot pounds of work done. 

■' Heat units used 

1,000,000 
Foot pounds work = weight of water multiplied by equivalent 
head overcome. Heat units used ^-^ Pounds of steam used X 
(total heat at initial pressure minus the heat of the liquid at 
exhaust pressure). 

The values inside the parenthesis must be obtained from 
tables of the properties of saturated steam, which are given in 
" Boiler Accessories," works on the steam engine, or engineering 
handbooks. 

For a power-driven pnmp the duty is found by the formola ; 

1^ Foot pounds of work done. 

^ Foot pounds furnished the pump. 
778 X 1.000.000 
since 778 foot pounds are equivalent to one heat unit. 



byGoogle 



STEAM PUMPS 



For a motor-driveii pomp, the foot pounds are equal to 
average volts X average amperes X time in liours X 2,654.2. 
PUMPINO BY COMPRESSED AIR. 

A system of pumping water l)y compressed air was known 
earlj in the nineteentti century, but no practical working appa- 
ratus was devised until Dr. 



't 



J. G. Pohle took np the 
matter in the early seventies, 
S J The principle of operation 

op is shown in Fig. 75. A dis- 

|jj iri charge pipe, I>, is let down 

y -1 intotho well so that its lower 

end is deep below the sur- 
face. Compressed air is 
forced down through a 
smaller air Jjipe, and is lib- 
eratwl inside the lower end 
of the discharge pipe at a 
high pressure. Theairthns 
set free forms a big bubble 
the full size of the interior 
of the discharge pipe, dis. 
placing an equal volume of 
water, and thus making the 
weight of the column of 
water and air inside the pipe 
less than an equal volume 
of water outside the pip^- 
The column inside the pipe 
'^' ' will thereforerisejand since 

the formation of air bubbles is continuous so long as the com- 
pressed air is supplied, a stream of sings of water and bubbles of air 
will rise through the discharge pipe and flow out at the upper end. 
The air pressure used must at first be sufficient to overcome 
the head of water in the diaehargu pipe, as well as the friction 
agiLinst tlie sides uf the pipe. Also the struam of water miiBt 
leave the discharge pipe with some considerable velocity. 
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The presaure needed bears a ratio to the preseare due to the 
total head of lift and imnierBion varying from 0,77 for compar- 
ativelj sLallow wella (100 feet or bo deep) yielding Jarge volutnea 
of water, to 0.02 for wells 500 feet in depth aod having but a 
Bntall flow. Obviously the lowest air preBsnre which will do the 
work is the most economical, since any excess of pressure is used 
up in producing unnecessary velocity of discharge at the outlet. 

The efficiency increases as the ratio of submergence of the 
lower end of the discharge pipe below the water-level to lift above 
the water-level increases. There is much disagreement as to the 
eHiciencies that can be obtained; but tests seem to indicate thatan 
eftieieney ranging from 1^ per cent (for a ratio of 1.5 submerg. 
ence to lift) up to 37 per cent (for a ratio of 2,6), the efficiency 
being based on the power required to compress the air, ia aa much 
as <;an be expected. 

A great deal depends on the proper proportioning in size of 
air pijie to discharge pipe, and of aubmergence to lift. A crosa 
sectional area of water pipe OJ times that of the air pipe has been 
found satisfactory; and a submergence of twice the lift is com- 
mon in practice, though some tests seem to indicate that a ratio of 
submergence to lift of 3 to 1 would give better resulta. The ratio 
should not in any ease be less than 1.5 to 1. 

In this connection it should be remembered that the water- 
level when pumping will always be lower than when at rest, and 
the above ratio should be fixed for the level under working con- 
ditions. 

If the air pi[)e be too large, more air will be furnished than is 
needed and the discharge velocity will be too great; if the air pipe 
be too small the air bubbles will not exj)and sufficiently to fill the 
discharge pipe but will rise through the water without pushing it 
along upward. 

A velocity not exceeding 20 feet per second ia recommended 
in the air pi|R'. 

Tile machinery nece389ry for an air-lift system comprises the 
following: an air compressor of aize aufficient to give the nei-ded 
air supply, a reservoir large enough to break up the pulsations 
from tlie compressor and steady the flow, gauges and valves for 
regulating the pressure, and the necessary well piping. 
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For pressures up to 60 ponnds, a eingle-etage duplex com- 
pressor will answer; for presanrea between fiO and 300 pounds a 
two-stage compressor, with an inter-cooler between cylinders, will 
be found economical; while for presaurea above 300 pounds a 
three-stage compressor should be used. 



Tho supply of air needed will vary with the lift, and of course 
with the quantity of water handled. Win. H. Maxwell gives the 
following eipiation: 

y -QXL 
2U 
where V =cubic feet of free air jKjr minute. 
G =^ cubic foet of water jHjr minute. 
L = lift of water in fwt. 
The arrangement of air pipes and discharge pipes is largely 
one of convenience. Tho least friction will be produced by admit- 
ting the air to the bottom of the discharge pipe as shown in Fig. 
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7u; but ID deep wella this is often inconTeniunt, aud the lUr pipa 
ie carrii'd down inside the water pipe as in Fig 76. 

For high lifts it is sometimea coDTenieut to ate maltiple- 
stage arrangements as shown in Fig. 77, the object being to secara 
saflicient depth of' immersion withoat the expense of drilling a 
very deep hole. Only one air compressor is needed, aa the pres- 
sure can be controlled by throttling the valves for the lower stages 
without serious loss of economy. 

The advantages of the air-lift system are its simplicity, its 
concentration of all machinery into one place which can be cod< 
veniently located, and its ability to handle crater containing grit, 
atones or ashes without injury to the machinery. On the other 
hand the efficiency is low, and a great depth of well in proportion 
to the lift is needed. The air-lift system is not adapted to all 
classes of service, bnt for handling a number of scattered wells, 
or a single deep well in an awkward location, it is simple' and 
effective. 
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The various practical applications of compressed air cover a range 
of pressure from a fraction of an ounce to several thousand pounds 
per square inch. To produce the required supply of air with proper 
pressure and economy, numerous types of compressors, each having its 
peculiar and appropriate field, have been designed. These are, in the 
onler of the pressure produced : — the disc fan, the centrifugal blower, 
the positive blower, the blowing engine, the direct-acting compressor, 
and tlie compressor with crank and fly-wheel. By the operation of all 
these, the same result is produced — the delivery of a quantity of wr 
under an increased pressure and correspondingly increased temper- 
ature, and the subsefjuent rapid loss by the air of its excess of temper- 
ature, with a proportionate decrease 
in volume. Most of the problems 
in the design of compressors are 
created by the heating of the air dur- 
ing compression and by the effects 
so produced upon the apparatus. 

The Disc Fan, corresponding to 
the marine screw propeller in action, 
is useful for producing a flow of air 
of considerable volume but with al- 
most inappreciable increase of 
pressure. It is thus suitable for 
purposes of ventilation in expelling 
foul air, ga-fes, or smoke, or for re- 
moving dust, fine shavings, and 
waste particles from woodworking disc tan. 

and grinding machines. The power expendetl in revolving the fan 
goes in great part towards whirling the air current around in the fan 
casing and pipe — a waste of effort which limits the application of this 
device to conditions of moderate speed and very light pres.sure. 

The Centrifugal Blower. By taking advantage of the tendency 
of revolving particles to fly away at a tangent, a fan blower of better 
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cfRclency and a wider Reld of usefulness is afforded. Particles of air 
whirle<l around Ity the blades of the disr fan merely fly out and press 
against the casing; but the centrifu^l blower converts this action into 
useful compressinn through the provision of a spiral casing around the 
fan, in which the air whirled off by the blades of the fan is deflected 
and con<lucte<l into a discharge pipe leading off from the casing. The 
blower therefore ronsisti of a fan with radial or sometimes curved 
blwles which stand parallel to the axis in.stea<l of obliquely as in the 
case of the disc fan, and which revolve in a circular or spiral casing 
surrounding the fan and open- 
ing into a large discharge pipe 
that leads off at a tangent in 
any desired direction — up, 
down, or sideways. Air enters 
around the shaft of the fan 
through openings in the center 
of the casing, and, being re- 
ceived by the blades, is 
whiried around and thrown 
outward into the surrounding 
chamber with a pressure pro- 
portionate to the .square of the 
s|>eed of the fan. The pres- 
sure thus produced is sufficient 
for blowing fires of all kinds, 
cemrifncii ninnpr. ^^^ removing small fragments 

of wood as well as finer particles from woodk?utting machines, for 
ilelivering illuminating gas to holders, and for other purpases re- 
ijuiringa pressure of not much over one pound per square inch. The 
centrifugal blower is tlie most efficient contrivance known for pro- 
ducing these pre.s.sures, but its economy falls off very fast if the speed 
is matle so great as to province a pressure per .scguare inch of much 
over one pound. 

This machine seems peculiar in its l)ehavior owing to the fact that 
it retjuires less power tr» maintain a certain .speed when the discharge 
pas.sage is partly (;lo,sc<l than when it is fully open. It is evident that 
when there is no <liscliargp opening, the fan, together with the air be- 
tween its blades, will spin around freely like any wheel. If the dia> 
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chai^ gate be opened, air will flow about the Ian blades to their outer 
ends, and so into the casing and thence to the pipe system; while air 
from the center of the fan fallows out into the space between the blades, 
its speed increasing as it approaches the ends of the blades, whereupon 
it is hurled into the casing. It is the work done in accelerating the 
motion of these particles of air, which explains the resistance to the 
movement of the fan; and this work is evidently in proportion to the 
quantity of air that passes along the fan blades, being zero when, by 



Cros«..Seotlon of Positive Blower, 
reason of the dosing of either suction or discharge opening, no air is 
discharged, and being greatest when, with full opening, the volume of 
air passing is the ma,\imum. The blades of the blower would fly in 
pieces before the speed could be increased sufficiently to produce an 
air pressure much over one pound per square inch. 
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An apparatus identical in principle is the centrifugal pump, which, 
handling far heavier fluids, produces by centrifuge action pressures 
measured hy pounds instead of ounces. 

The Positive Blower. In direct competition with the centrifugal 
fan is the positive blower. Consider a fan having opposite blades, re- 
volving in a closed casing, and carrying around with it the air confined 
between the blades. If a radial partition could be slipped in just after 
one of the blades had passed, the following blade would compress the 
air between it and the partition, and would force it out through a dis- 
charge pipe if one were provided near the supposed partition. This 
partition might be imagined to be momentarily withdrawn as each 
blade passed, so that successive portions of air would be trapped and 
compres.se<l. The positive blower consists of a fan of this sort, with 
one or more blades, revolving in connection with an "abutment" per- 
forming the office of the partition just alluded to. A well-known form 
consists of a cylinder carrying two radial blades, and revolving in con- 
tact with a cylinder of half the diameter which is provided with a gap 
of proper form to receive the paising blades. As each blade travels 
around the casing, it drives the air before it up to the smaller cylinder, 
whose gap comes around at the proper instant to allow the blade to 
pass, while intercepting the air continuously. 

The Air Compressor is a cylinder-and-piston machine like the 
common steam en^ne. It comprises two sets of valves, usually de- 
signed to be opened automatically by excess of pressure under them 
and to be closed by gravity or by the action of springs when the pres- 
sures become equal. The inlet valves open just after the piston com- 
mences its stroke, when the expansion of the compressed air remaining 
in the cylinder behind the piston has lowered the pressure above the 
valves. They close at the end of the intake stroke, just as the piston 
comes to rest. The outlet valves lift during the compression stroke, at 
about the time the rising pressure in the cylinder becomes etjual to 
that in the outlet passage above the valves; and they close when the 
flow of air ceases as the piston completes its stroke. 

Perfectly correct action of automatic valves is not resized in 
practice. The valve must evidently be larger than the opening in its 
seat, so that the upper surface is larger than the area underneath 
reached by the lower pressure; consequently the vidve will not open 
until the pressure below is greater than that above. To prevent d&- 
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structive slamming of the valves, springs must be provided to force 
them to their seats just as the flow ceases and before the reverse stroke 
of the piston can cause much backwanl flow of air. The pressure of 
the springs acts to choke the flow through the valves, increa-sing the 
resistance they offer to the passage of air, I-arge compressors are 
therefore often provided 
with mechanically-actuated 
valves which are opened 
anil closed smoothly at the 
proper moment l»y eccen- 
trics .ami valve rods. Any 
of the steam-engine valve 
gears may be used for com- 
pre.ssors, and designed by 
the same methods, obsen'- 
ing only that the com- 
pres.sor is in every way a 

reversed steam engine, .so | 

that its discharge port and g. 

valves are duplicates of the g 

inlet details of the engine, * 

while the engine exhau.st 
and the compressor Inlet 
valve.s are al.so similarly re- 
lateil. 

Varying initial (or IhjiI- 
er) pressure is compensated, 
except in throttling engines, 
by van,ing time of inlet- 
valve closure or "cut-off;" 
and varying discharge 
pressure in a compressor 
calls for variation in time of 

opening of the discharge valves. In both cases, the means of varia- 
tion constitute the chief problem for the designer. 

Mechanically-move<l inlet valves of compressors act always at the 
same [mhtHs, opening a trifle after the piston starts on the intake stmke, 
and closing exactly at the en<] of the same stroke; but the discharge 
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6 AIR COMPRESSORS 

valves must apen at the in^itant the piston has compre.ssed the air in 
front of it to a pres,siire e^iualing that above the valves in the discharge 
pipe,and must close always at the same instant, at the end of the stroke. 
As the compressor may lie working against a pressure greater or less 
than that regularly carried, the discharge valves must be so controlled 
as to open at whatever point is required by the pressure then being 
carried. The require- 
ments are sometimes met 
by putting automatic 
lift-valves above, or even 
directly upon, the me- 
. chanical discharge 
5 valves, giving the com- 
0. Iiination the effect of 
£ valves automatic as re- 
^ ganis their opening, but 
o positively close<l by the 
V mechanism at the proper 
g instant. Such lift-valves, 
e l)eing shut off entirely at 
- the proper clasing in- 

stunt, seat themselves 
i without noise or shock, 
■3 and may therefore have 
2 very light springs, caus- 

1 ing less resistance to the 
air passing through. 

Where the expense 
of full mechanical action 
is warranted on account 
of the superior efficiency 
obtainable, poppet or 
rotary valves may lie arranged to open by means of springs or air dash- 
pots. The opening device is released either through the rising pres- 
sure in thecylinder easing the valve on its seat, and reducingthe friction 
until the valve, when Imlanced, slips freely open; or through the same 
pressure acting on a piston attached to a pusher, the operation of 
which results either in starting the valve in spite of friction or in lift- 



byGoogle 



AIR COMPRESSORS 7 

ing a catcli and thereby freeing the spring or dashpot mechanism of 
the compressor. 

Compound Compressors. \Vhile low-compression pressures are 
accompanied by only moderate heating of the air during compression, 
the production of high pressures is attended with excessive heat and 
considerable increase in the volume of the compressed air. As the 
air leaving the cylinder soon resumes the normal temperature, and 
decreases in volume accordingly, the extra work done in compressing 
the increased volume is wasted. Compressing cylinders in operation 
are always coole<I by water or otherwise; but it is impossible, even by 
spraying water into the cylinder, to keep the air from rising consider- 



Crosi Comi)ouD(l Duplex Air Compressor. 

ably in temperature. For high pressures, resort is therefore ha<I to 
compound compression, the air being passed successively through 
larger low-pressure to smaller high-pressure cylinders, between which 
are locatcl inter-coolers whose function is to restore the air to its 
original temperature before it enters on the next stage. The volume 
of the air is thus kept as small as po.ssible; and the successive stages of 
compression result in producingthe required pressure, with a minimum 
of loss from heating during the process. Two-stage machines are 
preferred to single-stage where air must be compressed to one-sixth or a 
greater fractum of its volume at atmospheric pressure (measuring 
pressures from absolute vacuum); and three or more stages are re- 
quired in compressing to less than one-sL\th. Cylinder diameters are 
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selected which will provide for about the same amount of work being 
done in each cj-linder. 

Most compressor problems deal with air taken directly from the 
atmosphere at its sea-level pressure; but, as at moderate elevation there 
is a marked decrease of the atmospheric pressure, compressors for high 
locations muHt deal with air at pressures below fifteen pounds absolute. 
I'nder such conditions the volume of air taken into the compressor at 
each stroke weighs les.s, and therefore less air is delivered by the com- 
pressor, while there is a corresponding decrea-se in the power to nm the 



Sectional Vlrw of Air t'rllniler and Inter* 'ihiIpf. 
machine. The ratio of compression, and the rise in tempeniture, are 
pniportionateiy increased, so that a two-stage compressor may be 
desirable for pressures that would call for only single cylinders at sea- 
level. Thus, at many of the mines in the Rocky Mountain r^on, the 
atmospheric pressure is as low as eleven pounds per square inch, so 
that 90 pounds' air pressure by gauge requires a compression ratio of 
nine to one, which is considerably beyond that proper for a sin^e-stage 
compre.ssor. In general, high-level compressors should be specially 
proportioned for their work. 

Methods of Driving. Like pumps and other machinery, com- 
pressors are direct-connected to engines or are driven through gears or 
belts from .separate sources of power. The reciprocating piston com- 
pressor re<niires a varvirig effort to balance the cylinder pressure, since, 
during the stroke, the piston moves against an increasing air pressure. 
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and finally against the full discharge pressure, in pushing out the con- 
tents of the cylinder. Direct-connected compressors are either 
"straight-line" (tandem), having steam and air pistons on the same 
piston rod, or they are connected to cranks set at an angle on a com- 
mon shaft. The first method reduces floor space and cost, but re- 
quires very heavy fly wheels, and makes the machine liable to stop on a 
center if run much below full speed and capacity. 

It is evident that steam used expansively supplies against the 
piston a foree decreasing toward the end of the stroke, while air during 
compression opposes a foree increasing towards the end of the stroke; 



ertia, help out the decreasing steam pressure' when slowing to pass 
the centers, and thus produce a more even effort on the crank; but 
sufficiently high speeds are not possible for the automatic-lift valves 
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10 AIR COMPRESSORS 

generally used on small compressors. The varying power and re^st- 
ance can be very satisfactorily balanced by connecting steam and 
compressing pistons to separate cranks set at right an^es. Having 
provided two frames and cranks, a slight additional outlay will supply 
an extra pair of cylinders tandem to the first pair, making a full duplex 
compressor. The excess steam pressure at the commencement of the 
stroke of one side is here transmitted by the crank shaft to the other 
side of the machine, to help out the deficient pressure of the expan<le<l 
steam when the stroke is neady finished. Such a machine has no 
"dead centers," and can be run at very slow speed when necessary. 

As it is generally desirable to maintain a constant air pressure, 
and to vary the speed of the machine according to the quantity of sir 
required, speed governors for the steam cylinders are not needed ex- 
cept to prevent racing in case of a bursting pipe or other excessive dis- 
charge of air. Some form of adjustable cut-off valves is very desirable 
in order to allow of suiting the work of the steam cylinder to the load. 
The pressure is controlled by automatic devices actuated by the rise 
and fall of the air pressure, either shutting off the air intake, opening a 
by-pass around the compressor piston, or (in ease of duplex machines 
which can start from rest without attention) shutting off steam and 
stopping the machine. 

A description of the standard types of commercial compres.sor3 
would be incomplete without reference to the most remarkably waste- 
ful "steam eater" known to the compressor trade — a machine using 
ten times as much steam as would be necessary for pumping the same 
amount of air by means of a fairly economical compressor, and yet a 
device most ingenious and entirely satisfactory for its work. This is 
the air-brake pump, which, for actual conditions of train service — 
where it stands idle until the closing of the throttle and the application, 
of brakes leave a large and heavily fired steam boiler to blow off at the 
safety valve until the fire can be checked — is seen to be well adapted. 
Indicator cards show that the entering stesm is throttled through 
about half the stroke, while the exhaust is similarly choked at first and 
only let out freely about the time of full opening of the valve. The 
result is a "straight-line" compressor having no crank or fly wheel, 
with nothing moving but its two pistons and one rod, and yet so per- 
fectly balanced between effort and resistance that its strokes are 
smoothly made at any speed from slowest to fastest, and all with max- 
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JBum simplicity and minimum weight. These machines are also 
built with compound steam and two-stage air cylinders, and in these 
cases have pressures in the cylinders so nearly uniform that the steam 
distribution may be considerably more economical than it b possible 
to obtain in the single-stage compressor. 

The selection of general types and special details for compressors 
must be based, as in all other cases of machine design, on the practical 
condition of getting the best return from the money invested, with due 
regard to the importance of reliability and durability in each par- 
ticular case. 
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REVIEW QUESTIONS. 



PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclopedia 
numerpuB illustrative examples are worked out in 
detail in order to show the Application of the various 
methods and principles. Aecompanying these are 
examples for practice which will aid the reader in 
fixing the principles in mind. 

In the following pages are given a large number 
o( test questions and problems which afford a valu- 
able means of testing the reader's knowledge of the 
subjects treated. They will be found excellent prac- 
tice for those preparing for College, Civil Service, or 
Engineer's License. In some cases numerical ansn-ers 
arc given as a further aid in this work. 
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REVIEW QUESTIONS 



CONSTRUCTION OF BOILERS. 



1. If they are near together how are two flat parallel bup 
Cuces stayed? 

2. Describe a rivet. 

3. Since copper is such a dfsirable metal for boiler work 
why ia it not used moi-e extensively? 

4. Why is a large factor of safety used for staj-s ? 

5. State what yoii can (briefly) about the injuries done to 
plate? by punching and tlie metliods employed to overcome them. 

6. Why are not welded joints used more generallj'i* 

7. In what two ways are tidies fastened to the tube sheet V 

8. Alx)ut whiit is the ratio of length to diameter of the 
multitubular type of boiler? 

9. Explain riveting with countersunk head. 

10. la the greatest tendency to rupture along the longitu- 
dinal or the circumferential seams ? 

11. Why is tlie length of a grate limited? 

12. Which is the stronger form of riveting, the lap joint or 
double butt joint (both with double riveting) ? 

13. Why are the short screw stay bolts turned smooth in 
the center? 

14. Why are flanged joints pieferable to those made with 
cast iron angle irons ? 

15. What is the water-leg? 

16. For what qualities are boiler materials tested? 

17. What is the principal advantage of pneumatic calking;? 
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coNsTitrcrrioN of boileks. 

18. Kame some of the conniderotions that must tie kept in 
mind when designing a boiler ? 

19. If the rivot is 1 inch in diameter what would f/OK make 
the pitch, if single nveted lap joint? 

20. I'pon wliat does the choice of type of boiler depend? 

21. Wliat is the thickness of the shell of a boiler if tho 
diameter is 60 inches, the etenni pressure TO pounds per tiquare iiK-h, 
the joint ha8 an eHicieney of .68 and tlie working strength of tlie 
metal 9000 pounds |>er square inch? The working strength 
equals the hre:;king strength 8, diviileil by f. 

Use tlie formula t = „. -L- Ans. S inches. 

22. Find the allownhle jii'esKure, if tho aI>ovc conditions are 
the same, with the exception <)f t, which is J inch. 

Ans. 102 pounds i)er square inch. 

23. Why should calking be done carefully and with a proper 
shaped t:ooI ? 

24. At<ont what fraction of the volume of n multitubular 
boiler is the steam space ? 

25. If the boiler is t^) supply steam to a high s|>eed engine, 
should the Bteam space be larger or smaller than if to a low e[>eed 
engine ? 

26. Wliy is wi-ouglit iron jmifcrable to cast iron for boiler 
shells ? 

27. Why is a riveted joint weaker than an uncut plate? 

28. A boiler eva[K)rates 3211 [xtunds of water per hour. 
The grate is 6J feet by 4 feet and the co:U evaporates 9^ pounds 
of water per pound. What is the rate of combustion ? 

Ans. 13 pounds per sq. ft. per hour. 

29. What kind of joint is generally used for longitudinal 
seams? 

HO. What should be the diameter at the top of a chimney 
81 feet high if 2.88 pounds of coal are burnevl per horse-power 
oer hour, and the horse-power is 160 ? 

Use formula foot [lage 56. Ans. 28 inches. 

31. Name four general requirements that a boiler must 
Dave. 

82. What are the advantages of machine riveting 



byGoogle 



REVIKTT QUESTIONS 



TYPKS OF UOIIjERS. 

1. Wliy are water-tiibe boilers lighter than those of th« fire- 
tube type ? 

2. In the fire-tulw iKiiler, are the tiiTies large or small for 
forced draft? Why? 

3. Make a sketcli of a miiltitiibiilar boiler and locate the 
important parts. Show by means of arrows the path of the hot 
gases. 

NoTh:: Tbe sketch sboiild combjue Figa. ]2 and 13. 

4. Name three boilers that have curved water tul)eB, arenuo- 
eectional, and have a steam drum of the cross type. 

o. Describe briefly the Stirling boiler. 

('). Classifj', under the headings "sectional" and "non- 
ecctional," all the water-tube boilers described in this Instruction 
PafH-T. 

7, Trace the changes that occurred in the development of 
the horizontal multitubular boiler from the plain cylindrical. 

8. AVhat is the peculiarity of Beggs' Directum Boiler? 

{). What are the advantages of the double-ended return-tube 
boiler? 

10. Trace the path of tlie hot gases in the Atlas boiler. For 
what purpose is the third drum ? 

11. In what way does the Kiclausse boiler differ from all 
others here described ? Tiace the course of the water. Describe 
the constri t tion. 

12. Describe briefly the flue boilers, — Cornish, Lancashire, 
and Galloway. Identify each by stating the peculiarities iu a few 
words. 
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13, What ia a BrefdiesUued boiU-r; 

14, ykctdi tlio lonjjitiidiiial atMition of a eingltf-furuat-** single- 
eiidetl retiirn-tnlw boiler and name tlio |irinei|)al [mrta. 

15, la tiiii Itabvouk aniJ Wilcox a BtK'tioiiiil lH)iltir'( In what 
way does it ditfur from tlie lioot ? 

10. "What ie tho chinf peculiarity of tbn Ilarrisoit boiler? 

17. How doea the Ueljiiiire Hre-hox differ from tliw Wootteii! 

IS. Why are vertit-al rtre-tiilw boilers not ecoiioniifaU De- 
8cnl>e tli» fire-box fonstriK'tioii in the iMaiuiiiig Intiler? 

lit. Desc-rilie tho feed water heater used with the Moaher 
boiler. la this a sectional boiler f 

20. What two l<oilera l>e!oiig to the claaa that may l» briefly 
described ae: 

Straight A'ertlcal Water-Tu!)eB, Single-Tnlw. Xoii- Sectional. 

21. DescrilKi the Uobli-Mumford iwiler. Wliy in thefurnaw 
Hue eorrugatinl ? Why is the lower Bhell inclined f 

22. In what ways does the llazelton Injiler differ from the 
Wiekes? 

23. Why ehonld the boiler shown in Fig, 3^ l>e economical 
and at the same time occnpy but little space 'J 

24. Name all the builera you can think of that have the fol- 
lowing characteristics: 

Water-Tnbe — Non -Sectional ~~ Straight-Tube — Water - Tubes 
Horizontal Or Nearly So— Steam Drnni ilurizontal. 

25. Is tliB Worthington boiler sectional i What can you say 
regarding the extent of the furnace as coni|>ared with the tubea? 

20. I)iacus3 brieHy some of the advantages claimed for water- 
tube boilers. 

27. Why should one of the brackets snpjKirting a multi, 
tubular boiler be placed on rollers ? 

28. In general, how are flat plates within a boiler prevented 
from bulging or collapsing? How are two flat or curved surfaces 
stayed when they are close together? 

29. The Cahall boiler may be described as follows: 
Water Tultea Vertical — Straight -tulie Non-Sectional 
Why cannot the Milne be placed in the same class ? 

30. In what boiler are small circulating tubes used for 
obtaining dry eteam ? 



byGoogle 



REVIEW QUESTIONS 



BOILER ACCESSORIES. 



1. When are check valves used? Explain the action. 

2. What is the unit of boiler horse-power? 

3. What devices are used to drain condensation from 
steam pipes? 

4. What are the defects of tlie lever safety valve ? 

5. Why should the feed supply be regulated so that the 
water level shall be as nearly sbitionary as possible ? 

6. Describe the principle upon which the injector or 
inspirator works. 

7. Why 18 it necessary to reduce the actual evaporation to 
an equivalent evapointion, before comparisons can be made? 

8. Name some methods for preventing smoke. 

9. Describe the two types of feed water heaters. 

10. Of what are fusible plugs made? Where are they 
placed ? 

11. What are the requisites of a good boiler setting ? 

12. What portions of a boiler should be kept clean? 

13. What is a good average heat value for coal? 

14. In building a fire 360 pounds of wood were used. What 
18 tlie coal equivalent? 

15. State some reasons why the efficiency of a boiler and 
furnace is considerably less than 100 per cent. 

16. Describe the pop safely valve 

17. What should be the diameter of a safety valve wbeo 
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the boiler evaporates 1.346 pounds of water per second, if tlie lift 
is .1 of ao inch and the pressare 100 pounds (abaolute) ? 

Ans. 8 inches. 

18. Describe the process of banking a lire. 

19. What harm is caused by the admission of engine <ul to 
the boiler ? 

20. In general, how are boiler explosions prevented? 

21. What an. the three kinds of firing? 

22. Name and state the objects of the two kinds of boilai 
tests. 

23. Describe the action of the down draft furnace. 

24. Where is the feed water generally introduced? 

25. Name some good pipe coverings. 

26. Why is scale undesirable ? 

27. Why should the steam space never be exposed to tbe 
Ueat of the fire? 

28. A lever safety valve is set to blow off at 65 pounds. 
The ball at the end weighs 110 pounds, the lever weighs' 48 
pounds and has its center of gravity 18 inches from the fulcrum. 
The valve is 4^ incites from the fulcrum. The valve has a diam- 
eter of 4J inches and with the spindle weighs 14 pounds. At 
what diatance from the fulcrum must the ball be placed? 

Ana. 83^ inches (nearly). 

29. Describe in detail the methods for starting a fire in a 
boiler furnace, for bituminous coal. 

30. Why are patches of scald more harmful than a uniform 
coating ? 

31. If you wei-e in charge of a boiler and the gt^gd cocks 
gave no indication of water, what would you do? 

32. Describe briefly the two most important kinds of coal. 

33. Show why it is economical to introduce the feed water 
at a high temperature. What per cent, is gained if the feed water 
eutei-8 at 200° F. instead of 60° F.? The pressui-e is 110 pounds 
(gage)- 

34. Describe the action and principle of the Bourdon gugo. 
, (Make skelch), 

85. Before opening the drafts, what should a fireman do? 
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STEAM PUMPS. 



1. Find the presetire per square inch corresponding to » 
head of 187.42 feet. 

2. UnderwhatconditionSBhouldacentrifngal piiinpbeusod ) 

3. Describe the rotary puinp. 

4. If a largo quantity of water is to bo lifted a slight 
amount (for instance 20 feet) i3 it better to tis© a direct-actiog 
pump or a centrifugal pump ? 

5. How many gallons per minute can be raiBed by a pump 
having a water cylinder 8 inches in diameter, 13 inches stroke, if 
it makes 45 double strokes per minute t Assume 0% slip. 

6. What materials are used for valve discs for cold Water? 
For hot water t 

7. Which is the better form of spring for a valve, cylindrical 
or coDical ? Why ? 

8. Under what conditions is it better to use a plunger pump 
rather than the piston type ? 

9. A single cylinder pump is fi"xlO". What should be the 
volume, diameter and height of the air chamber on the discharge 
pipe ? 

10. A 12" X lO" duplex makes 52 double strokes per minute. 
What is the piston speed in leet per minute and what is the dis- 
charge in gallons 1 

11. A double-acting pump is to discharge 232 gallons per ' 
minute. On account of the preasnie against which the pump 
must work, the water cylinder must be 7 inches in diameter. Tlie 
allowable number of double strokes per minute is .'53. What is 
the length of stroke J What is the piston speed t 
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STEAM PUMPS 

12. SnppoBo a pnmp lias a BQction of 14 feet aad .the loss 
due to friction in the piping is 3 jMunds per square inch. The 
pnnip is a 3" X 10" and the discbarge is against a head of 86 feet. 
If the puinpinake!) 40 double stmkes j)er minute, what horse power 
is reijuired, allowing 20% for friction ? 

13. The head against which a pump works is 122 feet. If 
the plunger is 4 inches in diameter and the steam end 7 inches, 
what steaiQ pressure must be used! Consider the plunger friction 
to be 75 pounds. 

14. A boiler-feed pump works against a pressure of 145 
pounds. Tt draws water from a tank located so that the lift is 16 
feet. If the steam pressure at the pump is 130 pounds and steam 
cylinder is 8 inches in diameter, what is the diameter of the plua- 
ger? (a) Make lj allowance for friction, (b) Assume friction 
tobe 15%. 

15. Describe the setting of the vaWes of a duplex pump. 

16. Describe the ralve motion of a duplex pump. 

17. Draw a diagram and locate the high-pressure cylinder, 
the low-pressure cylinder, the pistons, the piston rod, watercylin- 
dei*, plunger, and air chamber of a tatidem compound pump. 

18. What mears are used for connecting the shaft of a gaB 
or steam engine to a triplex pnirip ? 

19. How is steam cushion obtained-in a pump t 

20. Why are laps added to steam valves ? 

21. What should be the niaximuiu lift for a disc valve t 

22. Explain with sketch the action of the combined forcing 
and lifting piimp (double acting). 

23. Describe the usual lost-motion device for a duplex 
pump. Why is it used ? 

24. Where should the check valve of a suction end be placed* 

25. What kind of packing is commonly used in the water- 
end stuffing box ! 

26. If a pump slams on one stroke but not on the other, 
what is the probable cause ? 

27. Give method of procedure in starting a compound coq. 
densing pump. 

28. What is the most common cause of short stroke on one 
side of a duplex pump 1 
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